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Chapter 1 

INTRODUCTION 


The 2"75 Folding-Fin Aircraft Rocket (FFAR), 
figure 1, is an air-to-air projectile developed to 
provide efficient armament for modern high-speed 
fighter and interceptor aircraft. 

The rocket is composed basically of Fuse Mk 176 
which has a delay element or Fuze Mk 178 which 
does not have a delay element, an ogival steel head 
threaded internally at the forward end for attach¬ 
ment of the fuze and externally at the after end for 
attachment of the motor, and a motor assembly. 

General Description 

For air-to-air firing, the rocket is designed to 
make direct hits, penetrate the outer skin of an 
aircraft, and then detonate within the aircraft 
structure. This intended operation of the rocket 
is based on tests which established that aircraft 
are more vulnerable to internal explosions. 

In keeping with the intended operation, the 
rocket is designed with a steel head, which remains 
intact after striking and penetrating an aircraft, 
and which is fitted with a point detonating fuze 
incorporating a delay element. The delay allows 
the head of the rocket to penetrate an aircraft 
structure before detonating. 

Although originally designed for air-to-air use, 
the 2 ". 75 FFAR has proved to be a potent air-to- 
ground weapon against a wide variety of targets. 
For air-to-ground firing, the FFAR usually is 
equipped with a nondelay fuze. 

At present Mk 1 and Mk 5 heads are issued for 
use with the 2 "75 FFAR. An explanation sten¬ 
cilled on the head designates the type of filler 
(inert or explosive (HBX)). 

Explosive loaded heads are painted olive drab, 
inert loaded heads are painted light blue, and 
heads for dummy (drill) round are painted black. 
Inert loaded heads are issued with a dummy nose 
fuze. 


Explosive loaded Mk 1 heads may be issued with 
either Fuze Mk 176 which has a dela} 7 element, or 
Fuze Mk 178 which is a point-detonating (PD) 
fuze. 

Other heads designed for use with this rocket- 
are Mk 5 High-Explosive Anti-Tank (HEAT) with 
Fuze Mk 181, and Mk 3 and Mk 4 which are slug- 
type armor-piercing. The difference in construc¬ 
tion of the latter two is that Mk 4 has a wind¬ 
screen. 

Currently three motors are used with the 2''75 
FFAR: Mk 1 Mods 3 or 4, Mk 2 All Mods, Aik 3 
All Mods. Motors Mk 1 Mod 0, Aik 1 Alod 1, and 
Mk 1 Mod 2 never were issued for service use. 
The Mk 2 All Alods incorporate a new propellant, 
while the Mk 3 All Mods add a flash suppressor. 

The 2T75 motor has fins that fold within the 
2.75-inch diameter of the rocket, which permits 
the FFAR to be fired from tubular launchers. 

Heads for the FFAR can be attached to motors 
without special tools. The loaded motor without 
head assembled is nonpropulsive which eliminates 
danger in case of accidental ignition, and can be 
stored at moderate temperatures for reasonably 
long periods of time without deterioration. 

Trajectory tables for the FFAR are in OP 1998. 
Physical characteristics of the rocket are the 


following: 

Length, over-all (fins folded), inches_ 48 

Diameter, inches_ 2. 75 

Approximate weight, pounds: 

Round before firing_ 18. 1 

Loaded and fuzed head_ 6. 5 

CG of round (from nose), inches.__ 19. 4 

Service temperature limits, °F-*—65 to 150 


* Although these limits are standard, they do not neces¬ 
sarily apply to all motors. Observe temperature limits on 
specific motor tubes. 
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CHAPTER 10 


NAVAL AIRBORNE ROCKETS AND 
ROCKET FUZES 


The rocket is an ancient weapon but the use 
of rockets as standard aircraft armament is new 
to us. Some study is in order concerning the 
nature of rockets and the effect of rocketry on 
combat flying. 

In Asia, more than 700 years ago, the Chinese 
astounded the invading Mongols with rocket- 
arrows. Later, the Chinese used rockets against 
the Arabs; the Hindus against the British; and in 
1812, the British against the United States. 

Today's rockets have little resemblance to 
the originals. After successful use of rockets in 
the early part of the nineteenth century, western 
nations undertook extensive research in the field 
of rocketry. This interest waned after 1860, how¬ 
ever, because of greatly advanced artillery 
weapons. 

During the first World War and the following 
interim, rocket research again accelerated. 
World War II saw extensive use of rockets. These 
rockets were both air- and ground-launched. The 
United Nations also used rockets extensively in 
the action in Korea. 

The great potential of the rocket is most evi¬ 
dent as an air-launched weapon. Rocket-armed 
aircraft can deliver a salvo of destruction equiv¬ 
alent to that of the main battery of a cruiser. 

The rocket can be delivered to any target 
within combat range of the carrying aircraft 
and can be fired from a great variety of angles 
and altitudes. This was especially effective in the 
Korean campaign where rockets were fired from 
low-flying aircraft into caves, earth-covered 
revetments, and railroad tunnels behind enemy 
lines, destroying large quantities of equipment 
and supplies which were thought to be safe from 
aerial bombardment. 

Since the airborne rocket is usually launched 
at close range—usually measured in yards—its 
accuracy as a propelled projectile is much higher 
than that of a free-falling bomb dropped from 
high altitude. The velocity of the rocket is much 


higher than that of a bomb, and moving land and 
sea targets have practically no time in which to 
take evasive action. 

Aircraft rockets are at present stabilized by 
means of fins, either fixed or folding. 

The coverage of aircraft rockets in this text 
is by no means complete, but rather deals in 
generalities. The reader is referred to Aircraft 
Rocket, NavWeps OP 2210, (latest revision) for 
specific details. 

PRINCIPLES OF ROCKET PROPULSION 

Rockets are propelled by the rearward expul¬ 
sion of expanding gases from the nozzle of the 
motor. It is a common misconception that rockets 
are pushed forward by the action of the hot gases 

on the surrounding air. However, rockets can 

function even in a vacuum. 

To understand how a rocket operates, 
consider a closed tube into which a gas under 
pressure has been introduced. The pressure of 
the gas against all the interior surface sis equal 
and the system is in equilibrium, figure 10-1 (A). 
If the right end of the tube is removed, figure 
10-1 (B), the pressure against the left end is 
unopposed and the tube tends to move to the left. 

In the rocket motor, sufficient confinement of 
gases evolved in the burning of the propellant is 
necessary to permit a buildup of pressure to 
provide the sustaining driving force. This can be 
accomplished by restricting the size of the open¬ 
ing, as in figure 10-1 (C). In this case, the useful 
thrust is the difference between that force acting 
on the remainder of the left end and that acting on 
the right end. However, with this type of design, 
considerable turbulence is caused in the flow 
of gas through the opening, with a consequent 
loss of available energy. This turbulence can be 
decreased greatly by adopting a design similar 
to figure 10-1 (D). In this instance, the horizontal 
component of the force acting on the right wall is 
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(E) 

Figure 10-1. —Principles of rocket propulsion. 

equal in magnitude to the force acting on the right 
wall in figure 10-1 (C). 

If a divergent expansion section is added, 
figure 10-1 (E), advantage can be taken of the 
force of the expanding gases acting on the wall of 


of the expansion section. This force adds to the 
useful thrust. 

The motor of a rocket is called a reaction 
motor because it operates on Newton’s Third 
law of Motion: To every action (force) there is an 
equal and opposite reaction (force). 

The forces necessary are produced by burn¬ 
ing a mass of propellant at high pressure inside 
the motor tube. The propellant when burned is 
transformed to gas under high pressure, which 
then flows at high velocity through the nozzle. 

According to Newton’s Third Law, the 
velocity attained by a rocket may be expressed 
mathematically roughly as 


where 

V = Velocity of rocket 
M = Mass of rocket 
v = Effective gas velocity 
m = Mass of propellant 

When consideration is given to the fact that 
the rocket is losing mass as it accelerates, the 
rough expression above is changed to 

V = v tog 1 + 2 

The last expression may be simplified without 
introducing over 1 percent error by 

V = provided the ratio-Sr is below 0.3 

M + m ^ M 

T 

v is significantly increased by the use of properly 
designed nozzles. 

ROCKET CHARACTERISTICS 

The principal factors taken into account in 
designing a rocket are hitting accuracy, payload 
weight in relation to overall weight, velocity, 
time-to-target, type of target, and safety. Many 
of these factors contend against each other. The 
guiding factor is the tactical purpose of the 
rocket. 

The lack of recoil is a major advantage of 
rockets and is the determining factor in almost 
all applications. The force of the propelling 
gases acts only upon the motor walls. Except 
for the impinging jet-exhaust, no stress is 
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exerted upon the launcher and firing aircraft. 
Therefore, the launcher may be a relatively 
simple, light structure. 

The rocket carries its propelling forces 
within it, and a prolonged time of acceleration 
is possible. This factor obviates the need 
for high initial acceleration to attain required 
velocity. The acceleration given a shell may 
be approximately 100 times greater than that 
given a rocket of comparable caliber. There¬ 
fore, rocket components may be of relatively 
light construction. 

The mean dispersion of a salvo of air- 
launched rockets is about 5 to 10 mils. This 
shotgun effect provides high hit probability. 
Rocket accuracy is comparable to that of a 
gun on a fixed mount and superior to that of 
a bopib. This degree of accuracy is all that 
rockets need. Each rocket carries enough high 
explosives to destroy the target for which it 
has been designed. 

Modern combat requires the greatest de¬ 
struction deliverable in the shortest possible 
time. In this situation, the superiority of rockets 
over other weapons is decisive. 

Conflicting design considerations make com¬ 
promises necessary in order to meet tactical 
requirements. The developing activity subjects 
prototypes to extensive field firings. Before 

a rocket design is released to production, 

these tests must establish a reliability quotient 
of at least 95 percent. 

To maintain this performance level, rigid 
control of the components is essential. During 
manufacture, a comprehensive series of tests 
confirms the specifications established. These 
tests include careful inspection of metal parts 
and physical testing of components—particularly 
those affected by propellent burning character¬ 
istics. Finally, sample lots of completed rockets 
are proof-fired to check overall performance. 

TRAJECTORY 

The trajectory of a rocket differs from that 
of other projectiles. These differences stem 
mainly from the fact that a rocket carries its 
source of power with it. The motor not only 
increases the size of the missile in relation 
to its payload but also provides reduced initial 
velocity, prolonged period of thrust, and in¬ 
creased range potential. 

A pilot’s personal flying habits are critical 
to the successful firing of rockets. He must 
master the aircraft as a launching platform since 


the rocket trajectory is an extension of his 
aircraft trajectory, and, as such, is sensitive 
to every variation during the tracking run. 

In order to aim successfully at the target, 
it must be possible to predict the rocket 
trajectory. The exterior ballistic character¬ 
istics of rockets are known, and the trajectory 
of a rocket launched by an aircraft in un¬ 
accelerated flight is relatively simple to pre¬ 
dict. The directing forces acting upon the rocket 
converge in a vertical plane, directing the rocket 
forward and downward. A skid, however, in¬ 
troduces horizontal influences which destroy 
this vertical unity, and the trajectory becomes 
relatively unpredictable. 

The rocket follows the flightpath of the 
aircraft at the instant of release. However, 
slight variations of the aircraft will not seriously 
affect rocket trajectory. 

LAUNCHING 

Due to the time delay during which a ground- 
launched rocket gains sufficient momentum to 
insure stability, the accuracy of the rocket 
is affected by the launcher length. The initial 
velocity of an aircraft-fired rocket is nearly 
the velocity of the aircraft; therefore, aircraft 
rocket launchers may be very short in length 
with no adverse effect upon accuracy. 

The effective launching of a rocket in the 
direction of the flight line may be upset by 
local air turbulence which acts to increase 
dispersion. However, the impact of the wind- 
stream along the flightpath tends to correct 
this yaw. The possible effect of local airflow 
is a factor considered in the aircraft design. 

Two factors affect the placement of launchers 
upon the aircraft: 

1. The effect of turbulent air currents about 
the launcher upon the initial rocket trajectory. 

2. The effect of the jet blast of the rocket 
upon the launcher and aircraft structures and 
engines. 

AIRCRAFT ROCKET DEVELOPMENT 

Although the history of rockets covers a 
span of eight centuries, their use in aircraft 
armament began in World War IL Rockets 
answered the need for a large missile which 
could be fired without recoil from an aircraft. 

One of the earlier rockets was designed 
to utilize a 3.5-inch solid warhead and a 
3.25-inch motor. It was launched from rails 
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mounted under the wings of a torpedo bomber. 
The purpose of the solid warhead was to rupture 
the hull of a submarine. 

Another early rocket employed a 5-inch 
warhead with a larger payload of high ex¬ 
plosives and an air-arming fuze. It utilized 
the same 3.25-inch motor. The assembly, 
however, was unsatisfactory in accuracy and 
range. A new design, employing the same 5-inch 
warhead plus a 5-inch motor, was developed 
and was known as HVAR (high-velocity aircraft 
rocket). It was used successfully in combat in 
August of 1944. 

The need for a simple, economical rocket 
for practice firing resulted in the 2.25-inch 
SCAR (subcaliber aircraft rocket). 

There have been two postwar rockets de¬ 
veloped which are currently used by the Navy. 
The first is the 2.75-inch folding-fin aircraft 
rocket (FFAR) which is called the “Mighty 
Mouse.” This rocket is used for either air- 
to-air and air-to-ground operations. 

The second development is the folding-fin 
Zuni rocket. It is a general purpose rocket 
having a 5-inch caliber and is also used for 
either air-to-air or air-to-ground operations. 
The Mighty Mduse and the Zuni rockets are 
discussed in more detail later in this chapter. 

Rocket development today is carried out prin¬ 
cipally at the Naval Ordnance Test Station at 
China Lake, California, although other naval 
activities contribute to rocket design and testing. 

ROCKET AND ROCKET FUZE 
TERMINOLOGY 

Some of the more common rocket terms as 
used in this text are defined in the following 
paragraphs. It will behoove the Aviation Weapons 
Officer to become familiar with these terms. 

1. Ammunition—all the components, and 
any and all explosives in any case or contriv¬ 
ance prepared to form a charge, complete 
round, or cartridge for cannon or small arms, 
or for any other weapon, torpedo warhead, mine, 
bomb, depth charge, demolition charge, fuze, 
detonator, projectile, rocket, or the like; all 
signaling and illuminating pyrotechnic ma¬ 
terials; and all chemical warfare materials 
under the cognizance of the Bureau of Naval 
Weapons or used by the military services for 
offensive, defensive, saluting, and training 
purposes. 

2. Ammunition components—integral units 
which are parts of a complete round of 
ammunition. Ammunition components may con¬ 


sist of inert parts, explosive parts, or both. 
Examples of ammunition components are fuzes, 
rocket warheads, rocket motors, rocket fins 
and fin assemblies, dummy nose fuzes, auxiliary 
boosters, igniters, and propellent grains. 

3. Ammunition details—the accessories 
which are used in packing, handling, protecting, 
and surveillance of ammunition; for example: 
containers, thread protectors, spacers, and fuze 
covers. 

4. Booster—an assembly containing an in¬ 
termediate explosive, which is sensitive enough 
to be detonated by a small amount of initiating 
explosive and is powerful enough to cause det¬ 
onation of a less sensitive explosive. 

5. Delay element—an assembly containing a 
relatively slow-burning explosive initiated by 
a primer, which delays the functioning of the 
succeeding units of the explosive train. Black 
powder is commonly used in delay elements. 

6. Detonator—an assembly in the explosive 
train of fuzes which contains a charge of 
high brisance. When fired by the primer or 
delay element, the detonator explodes with 
sufficient force to initiate a booster. Tetryl 
and the metal azides are common detonator 
charges. 

7. Explosive train—a functional arrange¬ 
ment of different types of explosives in a fuze 
which initiates the main charge of the rocket 
warhead. Depending on the fuze, it may con¬ 
sist of a primer, delay element, detonator, and 
booster. Each separate component is less 
sensitive than the preceding charge, starting 
with the primer and working to the booster. 

8. Fins or fin assembly—a flight stabiliza¬ 
tion device, usually a number of tail planes, 
which tend to keep the rocket on its aimed 
trajectory. 

9. Fuze—the initiating device which deto¬ 
nates a high-explosive main charge; or expels, 
disperses, or fires some other type of load. 

10. Hangfire—a misfire which later fires 
from delayed ignition. 

11. Warhead—that part of the rocket con¬ 
taining the payload; either high explosive, chem¬ 
ical, or special filler, and the fuze. The pay- 
load may be solid metal, with no fuze. 

12. High velocity—a phrase used to describe 
5.0-inch rockets used with 5.0-inch warheads 
and motors, to distinguish them from 5.0-inch 
rocket assemblies employing motors of smaller 
diameter. 

13. Igniter—the initiating device which 

ignites the propellent grain. It usually is an 


205 


Digitized by 


Google 



NAVAL AIRBORNE ORDNANCE 


assembly consisting of an electric squib, match 
composition, black powder, and magnesium 
powder. 

14. Main charge—the high-explosive filler 
of the rocket warhead. 

15. Misfire—a situation in which a rocket 
does not fire when the firing circuit is energized. 

16. Motor—the propulsive component of a 
rocket. It contains the propellant, the igniter, 
and the nozzle(s). 

17. Primer—the first element in the ex¬ 
plosive train of a fuze. It is a sensitive ex¬ 
plosive which usually is initiated by a firing 
pin and, in turn, initiates the next element, 
which is less sensitive, in the explosive train. 

18. Propellent grain—the solid fuel used in 
a rocket motor which, upon burning, generates 
a volume of hot gases that stream from the 
nozzle and propel the rocket. Also called pro¬ 
pellant or propellent powder grain. 

19. Retrofired—fired in a direction opposite 
to the aircraft's direction of flight, usually 
to make the rocket drop in a straight line to 
the target. 

20. Rocket—a missile propelled by the sus¬ 
tained reaction of a discharging jet of gas 
against the container of the gas. 

21. Round—an assembly of all the com¬ 
ponents necessary for functioning of the rocket 
for the purpose intended. This includes war¬ 
head, motor, and fuze(s). 

2. Subcaliber—a term referring to a prac¬ 
tical round of less than the caliber of the serv¬ 
ice round. Although smaller than service rounds, 
subcaliber rockets have the same character¬ 
istics of trajectory. 

23. Thrust—the force exerted by the rocket 
motor. 

24. Setback—This term is applied when fuze 
parts react to acceleration of the rocket. It 
causes movable parts to move aft when the 
fuze as a whole moves forward. Slow accelera¬ 
tions, compared to gun ammunition, are char¬ 
acteristic of rockets. The acceleration depends 
greatly upon the initial temperature of the 
propellant; it is quite small at low temperatures. 
By making the parts operated by setback 
relatively massive and the retaining mechanisms 
relatively weak, small setback forces can be 
utilized effectively. 

25. Acceleration—This term applies to fuzes 
which utilize a gear timing device in con¬ 
junction with the setback principle described. 
A simple setback-armed fuze is armed by 
initial acceleration; acceleration-armed fuzes 


are armed by prolonged acceleration, the length 
of which is determined by the integral timing 
mechanism of the fuze. 

26. Air or water travel—the force exerted 
by the air or water stream passing the rocket 
may be used to arm nose fuzes by turning 
propeller vanes. 

27. Gas pressure from burning propellant— 
during the burning of the rocket motor pro¬ 
pellant, pressure of the gases is exerted on. 
the base of the rocket warhead and base fuze. 
This pressure is fairly constant during burning 
and is of the magnitude of several thousand 
psi. Entrance of the gas can be controlled to 
delay the arming of the fuze. 

28. Creep—a continuous inertial force 
caused by deceleration which, in turn, is caused 
by surface drag on the rocket after the motor 
has burned out. Internal fuze parts tend to 
move toward the nose of the round. These 
forces may be controlled by anticreep springs, 
which prevent fuze initiation until the fuze 
strikes a target with sufficient impact to over¬ 
come the resistance of these springs. 

29. Friction—frictional forces which are a 
consequence of setback and creep are not high 
in rockets. Friction is not utilized to any ex¬ 
tent at present in rocket fuze operation. 

30. Impact inertia—inertia existing at the 
moment of impact is used in some rocket 
fuzes to bring about a phase of arming. Fuzes 
using this force are identified as “deceleration- 
disc riminating.'' 

COMPONENTS OF A ROCKET 

MOTOR 

The motor of a rocket consists of those com¬ 
ponents which propel the rocket in flight and 
stabilize it. This structure must possess the 
mechanical strength to support the propellant 
and internal pressures. 

Not all rocket motors are identical, but 
they do have certain components in common. 
These components are the nozzle assembly, 
motor tube, propellant, electrical leads, and 
igniter. 

Nozzles 

The primary function of either a single- 
or multiple-nozzle assembly is to increase 
the thrust of a rocket motor. The expanding 
gas impinging on the conical exit surface of 
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the nozzle creates a component force in the 
direction of rocket motion, which adds to 
internal gas pressure force to increase the 
rocket velocity. The outward directed com¬ 
ponents cancel each other when integrated 
around the nozzle. 

For optimum rocket performance, the nozzle 
line of thrust, the geometric axis of the rocket, 
and its center of gravity should coincide. 
Deviations in any of these factors increase 
dispersion and lessen accuracy. 

Motor Tubes 


The motor tube supports the other com¬ 
ponents of the rocket. Internal threads at either 
end of the tube provide the means for attaching 
the head and motor assembly. Launcher lugs, 
if needed, and fin assembly are also secured 
to the tube. The tube supports the propellent 
grain internally. 

The length and diameter of the motor tube 
are closely dictated by the caliber and purpose 
of the rocket. The wall thickness and type of 
metal, usually steel or aluminum, are largely 
determined by the type of propellant; that is, 
the amount of pressure and extremity of oper¬ 
ating temperatures, the tube will be required 
to withstand. With an internal-burning propellent 
grain, the tube may attain temperatures of 
400° F; with an external-burning grain this 
temperature may reach 1,000 F. The pressure, 
allowing a necessary margin for safety, is in 
the range of 1,500 lb/in.2, depending upon pro¬ 
pellent characteristics. 

Propellants 


A rocket may be propelled by either a solid 
or liquid fuel. However, the two are not inter¬ 
changeable and involve basically different 
motors. 

SOLID.—Most solid propellants are a 
double-base grain, usually a nitroglycerin- 
nitrocellulose mixture, extruded in either of 
two general shapes. An external-burning grain 
is normally in cruciform shape, while an 


internal-burning grain is cylindrical in form. 
Each is wrapped completely or in part with an 
inhibitor to control burning. 

Solid fuels are sensitive to the ambient 
temperature at the time of burning. A warm 
grain burns faster than a cold one, thus com¬ 
plicating the prediction of the rocket trajectory. 
Compensation for varying propellent tempera¬ 
ture is provided in one of two ways: (1) Con¬ 
stant-temperature rocket launchers; or (2) 
propellent-temperature monitors which auto¬ 
matically feed propellent temperature to the 
computer of the fire control system. However, 
temperature sensitivity has been greatly re¬ 
duced in recent propellants and new rockets 
will use these improved fuels. On each rocket 
is a label specifying the firing temperature 
range. Recently these limits have been extended. 

LIQUID.—Extensive experimental research 
by Dr. Robert Goddard and his associates in 
New Mexico between World Wars I and II 
established basic principles employed in the de¬ 
velopment of current liquid-propellent rockets. 
The validity of many design features developed 
by this group was attested by successful use 
in the V-2 program in Germany. This program 
established the practicality of liquid-propelled 
rockets of large caliber to maintain controlled 
flight over hundreds of miles. No successful 
small-caliber, liquid-propelled rocket was de¬ 
veloped during World War II, although design 
studies were made by the Germans on the 
TAIFUN and in the United States on the LOKI. 

A typical liquid-propellent rocket is illus¬ 
trated in figure 10-2. The propellant consists 
of fuel and oxidizer which are stored in separate 
tanks (3) and (4) outside the combustion chamber. 
Upon ignition, the chemical gas generator (1) 
activates the tank burst diaphragms (2) forcing 
the propellants under constant pressure aft to 
the injector (5) at which point the propellent 
particles are force-sprayed into the combustion 
chamber (6) where the chemical energy of the 
reacting propellants is converted into the me- 
chanical energy of the exhaust jet. 



Figure 10-2.—Typical liquid propellent rocket. 
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To justify this complicated plumbing, the 
liquid-fuel rocket must offer distinct advantages, 
and it does. Compared to solid propellants, 
the liquid fuels have logistic advantages of higher 
availability and greater ease of manufacture. 
A high mass rate of discharge, independence 
from temperature variations, and reduced time- 
to-target are other assets. 

In the past, the question of relative merit of 
solid or liquid-propellent rockets has been 
considered one of caliber: large rockets 

using liquid fuels; smaller ones, solid. How¬ 
ever, recent advances in research have made 
possible a small liquid propellent motor suitable 
for launching from an aircraft. A propulsion 
system called “Hybrid,” which combines both 
liquid and solid propellant in one motor has 
been developed. 

Liquid propellants are classified as mono¬ 
propellants or as bipropellants. 

Monopropellants are those which contain 
within themselves both the fuel and oxidizer 
and are capable of combustion as they exit. 
Bipropellants are those in which the fuel and 
oxidizer are kept physically separated until 
they are injected into the combustion chamber. 
An example of a monopropellant would be the 
mixture of hydrogen peroxide and ethyl alcohol; 
an example of a bipropellant would be liquid 
oxygen and kerosene. 

While solid propellants are stored within 
the combustion chamber, liquid propellants are 
stored in tanks and injected into the combustion 
chamber. In general, liquid propellants pro¬ 
vide a longer burning time than solid propel¬ 
lants. They have a further advantage in that 
combustion can be easily stopped and started 
at will by controlling the propellent flow. 

When oxygen or an oxygen-rich chemical is 
used as an oxidizer, the best liquid fuels 
appear to be those rich in both carbon and 
hydrogen. 

In addition to the fuel and oxidizer, a liquid 
propellant may also contain a catalyst to increase 
the speed of the reaction. A catalyst is a 
substance used to promote a chemical reaction 
between two or more other substances. 

Inert additives which do not take part in the 
chemical reaction are sometimes combined with 
liquid fuels. An example is water which is often 
added when alcohol is used as a fuel. Although 
it does not take part in the chemical reaction, the 
water does provide additional particles which 
contribute to a higher thrust by increasing the 
rate of mass flow through the system. 


IGNITION 

In contrast to the changing designs of most 
rocket components, the ignition system remains 
almost constant and basically simple. The 
igniter contains an explosive, a squib, and the 
necessary electrical attachments. An electric 
impulse heats an electrical filament in the 
squib, which ignites the powder. This ignition 
provides just sufficient energy to ignite the 
propellant without including undue stress on 
it. 

The nominal time lag from trigger to launch¬ 
ing is only a few milliseconds. 

ROCKET HEADS 

The shape of a rocket head is usually the 
result of a compromise of the conflict among 
aerodynamic considerations, payload require¬ 
ments, fuze design, and the physical dimen¬ 
sions of the round. 

The rocket head is the explosive or destruc¬ 
tive part of the rocket. It is constructed as 
a separate unit and assumes a variety of forms, 
depending on the application. Aircraft rocket 
heads are classified according to their func¬ 
tion. They are generally classified as general 
purpose, high-explosive, shape charge, armor¬ 
piercing, flare, and practice heads. 

FINS 

An immediate visible difference in the de¬ 
sign of a rocket is its means of attaining 
stability. The stabilizing moments may be 
applied by means of fins or spin. 

Fins provide rocket stability by the action 
of biting into the relative windstream. This 
action increases the aerodynamic forces at the 
rear of the rocket in relation to those at the 
nose, and causes the center of pressure to shift 
to the rear. When a rocket yaws, the longi¬ 
tudinal axis of the rocket deviates from its 
flightpath, and the pressure of wind upon the 
fins exerts a restoring moment which tends 
to keep the nose directed at the point of aim. 

Four or more fins symmetrically fixed at 
the rear of the rocket comprise the fixed-fin 
assembly. Fixed fins have the advantages of 
rigidity and ease of manufacture. When the 
size of the rocket is critical, fixed fins are 
a disadvantage. They extend the diameter of 
the round, thus limiting the number which 
may be carried on a given launcher. 
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Folding fins are usually hinged in such a 
manner as to maintain the nominal round di¬ 
ameter when in the launcher. Use of folding 
fins increases the number of rounds carried 
in a given volume and the number which may 
be fired from a given frontal area. 

The stability of a spin-stabilized rocket is 
achieved, as it is for the artillery shell, by 
the rotation of the round about its longitudinal 
axis. This spinning is effected by a ring of 
nozzles canted at such an angle (10° to 15°) 
that the exhaust gases cause the rocket to 
rotate at the same time it is driven forward. 

This stability which may be increased by 
increasing the rate of spin, is limited by the 
centrifugal forces the motor tube and propellant 
can tolerate while under internal operating 
pressures. 

A spin-stabilized aircraft rocket launched 
into a high-veloc ity c rosswind immediately tends 
to tumble. At this critical point, the low 
initial spin rate is not sufficient to insure 
stability. A solution to this problem would be 
to impart spin to the round by mechanical 
means while in the launcher. This solution, 
however, introduces launcher-design problems 
of weight and complexity. 

FUZES 

The fuze is designed to meet two para¬ 
doxical problems: to provide maximum safety 
during handling and launching, and to guarantee 
positive detonation at the target. Two inter¬ 
relating systems perform these functions. The 
arming mechanism renders the fuze safe and, 
in the proper circumstances, prepares the way 
for the detonator to act. The detonating system 
initiates the blast. 

Arming is activated by one or more of 
these factors: acceleration forces, windstream, 
pressure of propellent gases, centrifugal forces. 

The detonator may act upon immediate im¬ 
pact, after penetration (short-delay type), after 
a specific time delay, or upon target prox¬ 
imity. 

Two basic design types are the nose fuze and 
base fuze, which may be used singly or in combi¬ 
nation. The nose fuze is normally instantaneous 
while the base fuze is a delay (short) type. 

Nose Fuze 

A nose fuze of modern design is the 
Mk 176 fuze (fig. 10-3) a setback or 



acceleration-arming type, which combines very 
short time-lag detonation with a high degree 
of safety. Acceleration forces cause the setback 
weight (1) to recede, freeing the unbalanced 
rotor (2) which then tends to move into balance, 
thus alining pin (3), firing train (4), and booster 
(5). Upon impact a continuous path for deto¬ 
nation is provided. 

A sustained acceleration force of several 
g's is required for an appreciable time in order 
to allow the fuze to arm. This rocket fuze has 
been tested by subjecting it to high instantaneous 
accelerations. After momentary setback forces 
disappear, the components of the arming mech¬ 
anism return to their inert positions. 

Base Fuze 

Base fuzes are used to advantage when a 
prolonged delay is desired in order that the 
rocket head may penetrate the target prior to 
detonation. 

Most base fuzes are similar to the one 
illustrated in figure 10-4. Arming is initiated 
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by the propellent gases during rocket burning 
time. These gases gradually accumulate a pres¬ 
sure capable of collapsing the diaphragm (1). 
This action depresses the arming plunger (2) 
and allows the lock-ball (3) to drop from its 
safe position. This completes the first step 
of arming. 

During burning time, acceleration prevents 
the shutter (4) from revolving into place. The 
second step is initiated at impact. The pin 
(5) remains in motion after rocket deceleration, 
driving forward, causing detonation. Retarded 
detonation is inherent in the construction. Time 
delay may be extended by including a delay 
element in the explosive train. 



Figure 10-4.—Rocket base fuse. 


PRETAKEOFF CHECKS 

For optimum rocket performance, an ac¬ 
curate preflight check is good insurance. It 
should consist of the following: 

1. Make a visual inspection of the rocket 
for possible damage or bent fins. 

2. Make a visual inspection for proper 
mounting of the rocket in the launcher. 

3. Check the security of arming wires 
and firing pigtails. 

4. Check the electrical firing circuits. 

5. Check the operation of the rocket circuit 
and sighting circuits. 

Precise alinement of rocket fins is manda¬ 
tory to establishing a predictable trajectory. 
Service rockets are the products of tested 
engineering designs and rigidly controlled manu¬ 
facturing tolerances; but, their final per¬ 
formance characteristics depend upon the care 
with which they are handled during transporta¬ 
tion, storage, assembly, and loading. 

ROCKET FLIGHT 

A free-falling body is subject to the forces 
of gravity and wind. A rocket is affected not 
only by the forces of gravity and wind but 
also is subjected to the forces of thrust during 
the burning time of the propellant. 

The momentary instability of a rocket at 
launching is not critical because of its rapid 
acceleration and the high restoring moment of 
its fins. During the burning period, a rocket 
continues to accelerate. After burning, the 
velocity decreases due to drag. Gravity ac¬ 
counts for the curve of rocket trajectory. 

The burning time of a rocket refers to that 
period during which the rocket is effectively 
propelled by the gas energy generated by the 
burning propellant. The length of burning time 
depends upon the rocket design and the pro¬ 
pellent temperature and may vary from 1 to 
2 1/2 seconds. The distance a rocket travels 
during burning time may be in the order of 
1,500 feet. 

PROPELLENT TEMPERATURE 

Rocket performance is influenced by pro¬ 
pellent temperature which is the result of the 
various temperatures to which the rocket has 
been exposed during the previous several hours, 
including storage, loading, and flight. Increased 
propellent temperature decreases burning time 
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and increases burning rate; the effects on rocket 
performance are increased acceleration and 
reduced flight time. Considerable research 
effort is devoted to designing temperature 
insensitive propellants. 

DISPERSION 

The dispersion of a salvo of rockets, air- 
fired, ranges from 5 to 10 mils. This means 
that 68 percent of the rounds will be within a 
circle of 5 to 10 mils in diameter about the 
center of impact (mean point of all rockets 
fired). This pattern is established during the 
period of thrust. Increase in mil dispersion 
during free flight is negligible. Although the 
mil dispersion remains almost constant, radial 
dispersion measured in feet increases with 
range. 

EFFECTS OF ACCELERATION 

An aircraft flying at a given altitude and at a 
speed which produces a lifting force equal to the 
pull of gravity remains in a level flight and is 
said to have an acceleration of one g. An air¬ 
craft in a pullup or banked turn encounters 
forces of acceleration greater than one g. 

If a rocket is fired at a time when the air¬ 
craft is executing a maneuver, the rocket 
trajectory is affected by the conditions accom¬ 
panying that maneuver. 

The rocket trajectory is not directly affected 
by the acceleration, but in order to generate 
the lift needed to produce the acceleration, the 
angle of attack must be increased. This causes 
the effective launcher line to deviate more from 
the launcher axis in a downward direction. A 
rocket fire control system compensates for 
this effect. Gravity causes the rocket trajectory 
to curve downward in a plane perpendicular to 
the earth's surface. 

EFFECTS OF SKID 

When skidding, the aircraft is pointing in one 

direction and flying in another direction. As in 

accelerated flight, the rocket turns towards a 
compromise course when the aircraft is slipping 
or skidding. 

In order to fire accurately in the pursuit path, 
the pilot must track smoothly and avoid skidding. 

TIME-TO-TARGET 

Reduced time-to-target reduces the lead 
necessary to establish a hitting course and is 
the vital concern of the fire control system 
and terminal accuracy. For example, a fighter 


flying 500 knots in a tailchase pursuit fires a 
2.75-in. FFAR with a propellent temperature of 
70° F against a fighter target flying 500 knots 
1,000 yards ahead. The rocket will reach the 
target in slightly over 2 seconds. 

Three factors control the time-to-target; 
firing range, rocket velocity (including the air¬ 
craft's velocity), and target velocity. The target 
velocity cannot be controlled, and so far as 
pilots are concerned, the longer the range the 
better. It is obvious that the time-to-target can 
be diminished best by increasing average rocket 
velocity. Almost all service rockets fired from 
aircraft attain supersonic velocities, and ways 
are being found to increase rocket velocities 
while maintaining desirable dispersion patterns. 

AIR-TO-AIR ATTACKS 

The problem of choosing the best approach 
angle has been rendered more difficult by the 
high velocities of jet aircraft, and yet, in a 
sense, simplified by limiting the choices which 
can be executed effectively. The optimum ap¬ 
proach angle in an air-to-air attack is dependent 
upon the relative positions of the two aircraft, 
upon the closing rate, and the defensive maneu¬ 
vering of the target. These factors may limit 
the pilot's choice so the method of attack must 
be based on the target type and situation. In 
most cases against modern high-performance 
aircraft, tail approaches will predominate. Rec¬ 
ords show most aircraft have been destroyed by 
firing from the tail cone approach. 

LEAD PURSUIT COURSE 

Flying a lead pursuit course, the pilot leads 
the target by the angle necessary to enable him 
to score hits continuously throughout the run. 
The advantage of being able to fire a killing 
salvo at will throughout the attack is obvious. 
Lead pursuit course attack necessitates ac¬ 
celerated flight. The ballistics of rockets differ 
from gun projectiles because of the formers 
long burning time, windage effects, and mass. 
Consequently, when firing rockets in a pursuit 
course the lead is increased. Modern fire control 
computes the required lead for particular arma¬ 
ment and aircraft model. 

COLLISION COURSE 

To avoid the high g's involved in some 
pursuit courses, another course of attack may 
prove more effective. In a collision course 
the attacking aircraft flies a straight path to 
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a point in space from which rockets may be 
fired to intersect the target. The idea is that 
the pilot of the attacking aircraft will establish 
the collision course while he pulls out. Modern 
aircraft use fire control equipment to fire 
automatically rocket salvos when the collision 
course coincides with the hitting trajectory. 

It is in a situation such as this that rockets 
prove most effective. A shotgun salvo of rockets 
should insure a kill. 

AIR-TO-GROUND ATTACKS 

The requirements for a successful air-to- 
ground attack are similar to those for an air-to- 
air attack. The effect of target speed and 
maneuverability is reduced, but the problem of 
opposing fire is increased. 

The more accurate the tracking and ranging, 
the greater is the hit probability. Compared 
with guns, longer effective slant ranges are pos¬ 
sible with rockets. 

The accuracy of an air-to-ground attack 
depends upon the already discussed factors of 
smooth tracking and the effects of angles of 
attack and skid, wind and target motion, and 
propellent temperature. The following effects 
also require consideration. 

1. Dive angle—the smaller the dive angle, 
the larger the gravity drop. 

2. Launching speed—the greater the speed, 
the less the gravity drop. 

3. Slant range—over 20 percent error in 
true slant range estimation is critical. 

4. Pulling up or nosing over—with a com¬ 
puting sight, instantaneous shooting during a 
pullup will tend to overshot the target—nosing 
over to undershoot it. 

The increase of trajectory distance with 
pullup is a factor used to advantage in the toss 
technique for either bombs or rockets. 

ROCKET HEADS 

Several types of heads have been developed 
to meet different tactical requirements. Some 
of these are discussed in the following para¬ 
graphs. 

Armor-Piercing (AP)—This type is designed 
to penetrate armorplate or fortifications before 
exploding. Usually made of heat-treated steel, 
an armor-piercing warhead has thick walls and, 
consequently, a smaller explosive charge than 
other warheads. 

The explosive used is one which will with¬ 
stand the shock of impact without detonating. 


Explosive D is the charge normally employed. 
Since the nose section of an armor-piercing 
warhead must be of maximum strength, the 
fuze is located in the base. 

General Purpose (GP)—This type is a com¬ 
promise between the armor-piercing and the 
high-explosive designs. The general purpose 
warhead has a nose section and walls not as 
strong as those of an armor-piercing warhead, 
yet stronger than those of a high-explosive 
warhead. The explosive charge is more than 
that in the armor-piercing warhead, but less 
than that in the high-explosive warhead. 

The general-purpose warhead is for use 
against a variety of targets. Its maximum 
penetration may be obtained by using a solid 
nose plug and a delayed-action base fuze. Its 
maximum blast effect may be obtained by using 
an instantaneous-action nose fuze. 

High Explosive (HE)—This warhead is de¬ 
signed to damage a target by the blast of its 
explosive charge or by the fragments from its 
shell. The warhead has a relatively high per¬ 
centage of explosive by weight. Because of 
the thinness of its walls, it will penetrate only 
light armor. 

It is fuzed in the nose, since it is ordinarily 
intended for instantaneous action. However, it 
may be assembled with a delayed-action base 
fuze to allow some penetration of the target. 

An auxiliary booster may be installed in an 
HE warhead to insure thorough detonation of the 
relatively large explosive filler. An auxiliary 
booster supplements the detonating capacity of 
the booster in the fuze. Granulated TNT 
normally is the explosive used in the auxiliary 
booster. Auxiliary boosters are shipped in¬ 
stalled in the warhead. 

High-Explosive Antitank (HEAT)—This type 
was developed for use against tanks, but is 
equally effective against other armored or 
fortified targets. This warhead employs the 
shaped-charge principle of explosives to pro¬ 
duce a jet of high-velocity, high-temperature 
particles which will force its way through an 
extraordinary thickness of armor. 

The explosive jet will penetrate heavy armor 
metal or concrete, but will not produce an explo¬ 
sive blast behind the armor. The jet will 
materially increase the temperature behind the 
armor and, in the case of a small enclosure 
such as the inside of a tank, its searing heat 
normally will kill the occupants. 

Recent development of improving the frag¬ 
mentation of this round, for antitank as well 
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as for antipersonnel use, will result in its 
redesignation to ATAP (antitank antipersonnel). 

The explosive charge in this type of warhead 
is detonated at its after end to produce the jet 
from the cone at the forward end. Detonation 
by the booster in the after end usually is accom¬ 
plished through transmittal of the explosive 
impulse by a length of detonating cord. It 
connects the booster charge to the initiating 
charge which is adjacent to the nose fuze. The 
combination of an instantaneous-acting nose 
fuze and rapid-burning detonating cord permits 
detonation of the explosive load in time for 
the shaped-charge to produce its explosive jet 
before being disintegrated by impact on the 
target. 

Practice (PRAC)—Practice heads are of two 
types, subcaliber heads and inert-loaded service 
heads. Most subcaliber heads are a hollow 
metal slug, although the hollow spaces may be 
filled with an inert material to bring the weight 
within required limits. One type of subcaliber 
head is solid metal. The inert-loaded service 
head is a service head in which the weight and 
placement of an inert filler give the head the 
same ballistic characteristics as those of the 
explosive-loaded service head, called warhead. 

Smoke (SMOKE)—This warhead is designed 
to produce a volume of heavy smoke for target 
identification or screening purposes. It employs 
a tube of explosive, usually tetryl, which bursts 
the relatively thin walls of the warhead, dis¬ 
persing the smoke. This burster tube is 
activated by a nose fuze. The abbreviation 
(SMOKE) for this warhead is followed by the 
abbreviation for the smoke-producing agent 
which the warheads contain; for example, WP 
for white phosphorus or PWP for plasticized 
white phosphorus. 

VT—This warhead was developed to receive 
a VT fuze. VT fuzes generally are larger than 
mechanical fuzes, requiring a larger space in 
the warhead. Essentially, a VT warhead is a 
high-explosive warhead with a larger fuze 
cavity. 

TRAINING ROCKET ASSEMBLIES 

The Navy at the present time employs two 
standard rockets for training purposes. They 
are discussed in the following paragraphs. 


2.25-INCH SUBCALIBER 
AIRCRAFT ROCKET (SCAR) 

The 2.25-inch subcaliber aircraft rocket 
is a fin-stabilized rocket used for practice 
firing at ground targets. (See fig. 10-5.) 
These rockets are composed of two major 
components, the head and the motor. 

The head is of machined steel, die-cast 
zinc, or cast iron. It is threaded at the rear 
for assembly to the motor and is hollowed out 
to give the head the correct weight to produce 
proper ballistic characteristics when the rocket 
is fired. 

The motor consists of a metal tube threaded 
at the front for attaching the rocket head. The 
tube contains a cylindrical grain of ballistite 
for a propellant. The propellant is ignited by 
an electrically fired igniter charge of black 
powder. The rocket is propelled by the propel¬ 
lent gases escaping through venturi type nozzles 
at the rear of the motor tube. 

Currently there are two SCAR assemblies 
in service use. They are the Mk 4 Mod 0 and 
the Mk 6 Mod 0. Both assemblies are similar 
and are used to simulate trajectories of the 
5.0-inch HVAR rocket. 

5.0-INCH ROCKET 
TARGET MK 26 MOD 0 

This rocket is a high-velocity target rocket 
used for training pilots in missile firing. It 
has an overall length of 74 inches, a diameter 
of 5 inches, and a weight of 215 pounds. 

The target rocket is assembled using the 
standard 5.0-Inch Rocket Motor Mk 10 Mod 6, 
Target Kit Mk 23 Mod 0, and Tracking Flares 
Mk 21 Mod 0. (See fig. 10-6.) The kit consists 
of an inert head weighing 125 pounds, a center 
hanger, and a modified HVAR fin assembly. 
The Tracking Flares Mk 21 Mod 0, which are 
attached to the fins, are shipped separately. 

SERVICE ROCKET ASSEMBLIES 

2.75-INCH FOLDING-FIN 
AIRCRAFT ROCKET 

The 2.75-inch folding-fin aircraft rocket 
(FFAR) (Mighty Mouse) was developed pri¬ 
marily for air-to-air use against large bombers. 
However, it has proven to be a valuable weapon 
against air-to-ground targets such as locomo¬ 
tives, buildings, and bunkers. With the Mk 5 
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Figure 10-5.—The 2.25-inch subcaliber aircraft rocket. 



Figure 10-6. — The 5. 0-Inch Rocket Target Mk 26 Mod 0. 


head, this weapon also has a considerable 
capability against tanks and armored vehicles. 

The Mighty Mouse was designed to be fired 
in large numbers. Thus, it is carried in rocket 
launchers with a capacity of 7 or 19 rockets. 


The rocket is 2.75 inches in diameter, has a 
length of 48 inches, and weighs 18 pounds. 

The rocket consists of a fuze, head, and 
motor assembly. These components are nor¬ 
mally shipped and stowed separately (except 
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POSITION BEFORE FIRING 



MAXIMUM FIN OPENING FINAL FLIGHT POSITION 

Figure 10-7.—Folding-fin rocket. 


where the Aero 7D, rocket launcher package, 
is used). 

Fin Assembly 

When the motor is fired, figure 10-7, the 
fin retainer is blown off, freeing the fins. Gas 


pressure from the motor forces the piston and 
crosshead aft, pushing the crosshead against 
the heels of the fins. The launcher tube re¬ 
strains the fins for a short period of time, with 
the fins exerting a force of about 2 pounds per 
blade against the tube. 
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Figure 10-8.—The 2.75-inch folding-fin aircraft rocket. 


As soon as the round clears the launcher, the 
crosshead forces each fin open to an angle of 
slightly less than 90° with the axis of the motor 
tube. Then, air resistance and setback forces 
return the fins to an angle of 45°, in which 
position the heels of the fins rest against the 
fully extended crosshead. The crosshead and 
fins stay in this position throughout the remain¬ 
der of the flight. 

Head 

The head (fig. 10-8) is an ogival steel case 
threaded internally at the forward end for 
attachment of the fuze and externally at the after 
end for attachment of the motor. The head is 
loaded with a high-explosive charge. A threaded, 
cup-shaped cavity liner is screwed into the 
nose end of the loaded head and seats on the for¬ 
ward face of the explosive filler. 


This liner prevents exposure of the filler 
when either the shipping plug or the fuze is 
removed. 

CAUTION: Never remove fuze cavity liner. 

Currently available heads are the Mk 1 Mods 
1, 3, 4, and 5 and Mk 5 Mod 0. The Mk 1 heads 
are loaded with HBX-1 while the Mk 5 heads 
are filled with composition B. 

NOTE: All Mods of the Mk 1 head are 
identical except for the methods used in their 
production. 

In addition to high-explosive heads, inert 
loaded and drill heads are also produced. 
Each may be identified by its color. Explosive- 
loaded heads are painted olive drab; inert 
loaded heads are painted light blue; and heads 
for dummy rounds are painted black. 

NOTE: Inert-loaded heads are issued with a 
dummy nose fuze. 
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Figure 10-9. —The 5.0-inch HVAR rocket motor. 


Fuze 

The rocket uses either Fuze Mk 178 (point- 
detonating) or Fuze Mk 176 (point-detonating) 
depending on the type of mission on which the 
rocket is to be employed. Fuze Mk 178 is very 
similar to the Fuze Mk 176. The main differ¬ 
ence is the absence of a delay element in Fuze 
Mk 178. 

The cone-shaped steel fuze body (fig. 10-8) 
is 2.75 inches long. It encloses the firing 
mechanism, arming mechanism, primer, delay 
element, detonator, and booster. It is threaded 
at the lower end for attachment to the head. 

Motor Assembly 

Currently, four motors are used with the 
Mighty Mouse. They are the Mk 1 Mods 3 or 4, 


Mk 2 all Mods, Mk 3 all Mods, and Mk 4 all 
Mods. The motors have fins that fold within 
the 2.75-inch diameter of the rocket, which 
permits the rocket to be fired from tubular 
launchers. 


5.0-INCH HIGH-VELOCITY 
AIRCRAFT ROCKET (HVAR) 


The 5.0-inch high-velocity aircraft rocket 
consists of three parts, the head, motor, and 
tail fins. There is only one 5.0-inch HVAR 
motor currently used by the Navy, but it may 
be used with any one of several rocket heads. 
Approximate weight of these assemblies range 
from 130 to 150 pounds, and they vary in 
length from 69 to 85 inches. 
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CAP SPRING 



Figure 10-10.—Cutaway view of the Nose Fuze Mk 149 Mod 0. 


Motor 

The 5.0-inch HVAR motor (fig. 10-9) cur¬ 
rently used is the Mk 10 Mod 6. It consists of a 
seamless steel tube with internal threads on 
both ends. At the rear is a nozzle plate having 
eight nozzles arranged in a circle, and a larger 
central blowout nozzle closed by a copper disk. 
The blowout nozzle acts as a safety valve. The 
copper disk is designed to blow out if the 
internal pressure exceeds 2,400 psi, which is the 
normal maximum pressure when the propellent 
grain temperature is 100° F. In this manner, 
the usable temperature range of the rocket is 
increased. 

Suspension lugs mounted on bands for attach¬ 
ment to the rocket motor are provided to suspend 
the rocket from the rails or T-slots of the 
rocket launchers. The motor is arranged so 
that the bands may be mounted at various posi¬ 
tions for the different launchers. 


Heads 

The various heads used in 5.0-inch HVAR's 
are listed below: 

The 5-Inch Rocket Head Mk 2 Mod 2 is 
loaded with explosive D and weighs approxi¬ 
mately 48 pounds. It is fuzed with a permanently 
installed base fuze only. The base fuze screws 
into an adapter in the base of the head. The 
adapter and base fuze are gas-checked to prevent 
leakage of motor gases into the loaded head 
upon firing. 

NOTE: No attempt should be made to re¬ 
move the base fuze. An improperly base fuze 
head can be the cause of loss of life and/or 
material. 

The 5.0-Inch Rocket Head Mk 6 Mod 1, a 
general purpose head, is loaded with TNT and 
weighs about 48 pounds. It is fuzed with Nose 
Fuze Mk 149 Mod 0 and Base Fuze Mk 164 
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Mod 0. However, during shipping and stowage, 
the nose fuze is replaced by a nose shipping 
plug. 

The 5.0-Inch Rocket Head Mk 6 Mod 4 is 
similar to and issued with the same base fuze 
as the Mk 6 Mod 1, but is arranged for installa¬ 
tion of VT (Proximity) Rocket Fuze Mk 172 
Mod 0 in the nose rather than Nose Fuze Mk 
149 Mod 0. 

The 5.0-Inch Rocket Head Mk 25 Mod 1 
(shaped charge) comprises a cylindrical steel 
tube fitted with a copper cone at the forward 
end, a high-explosive filler (composition B), a 
steel windscreen on the forward end of the 
cylindrical tube with an adapter to attach a nose 
fuze, (Nose Fuze Mk 149) and a booster set into 
the explosive charge at the after-end of the 
head cylinder. It is not equipped with a base 
fuze. The fuze is replaced by a nose shipping 
plug during shipping and stowage. 

Nose Fuzes 

NOSE FUZE MK 149 MOD O.-The Mk 149 
Mod 0 (fig. 10-10) is a typical air-arming, 
impact-firing nose fuze designed for use with the 
HVAR rocket. The fuze body fits directly into 
the fuze seat liner in the nose of the rocket 
head. 

In the unarmed position, the firing pin is 
screwed down alongside the detonator shutter, 
holding it in a safe position. The impeller is 
attached to the firing pin and is prevented from 
turning by the impeller locking pin, which is at¬ 
tached to the impeller locking pellet. The cap 
on the nose of the fuse is held tightly in place 
on the gasket by a clamp assembly held together 
by a safety wire, or by an arming wire when the 
round is loaded on a launcher and ready to fire. 
This cap prevents exposure of the fuze to the 
weather and is removed only when the rocket 
is fired with nose fuze armed. A cap spring lo¬ 
cated under the cap bears on the top of the im¬ 
peller, preventing it from turning as long as 
the cap is secured by the safety or arming 
wire. When an assembled round is loaded on 
the launcher, the arming wire is first inserted 
in a hole provided next to the safety wire in 
the clamp pin and bushing assembly, after 
which the safety wire is removed. This order 
must not be reversed or the cap will fly off, 
exposing the impeller. 

When the round is fired, the arming wire 
pulls free, releasing the clamp assembly and 
allowing the cap spring to throw off the cap, 


thus exposing the impeller. At the same time, 
acceleration inertia forces the impeller locking 
pellet and pin backward, releasing the impeller. 
The same force moves the detonator shutter 
locking pellet and pin back, and as long as accel¬ 
eration continues, the shutter is held locked by 
the locking pin. The impeller turns outward in 
a clockwise direction, and after about eight 
turns the firing pin is clear of the detonator 
shutter. When acceleration ceases, the shutter 
locking pin is withdrawn by the action of the set¬ 
back spring on the shutter locking pellet. The 
detonator shutter is swung into the armed posi¬ 
tion by the action of the shutter spring, provided 
the firing pin has by this time advanced suffi¬ 
ciently to clear the detonator shutter. The 
shutter is locked in the armed position by a 
detent engaging in a hole in the firing pin guide. 
The firing pin jams and stops turning when the 
end of the threads reaches the nose plate. 
Upon impact, the firing pin shears the threads 
in the nose plate and is driven into the detonator, 
thus setting off the explosive train. 

Nose Fuze Mk 149 Mod 0 fires at impact 
angles as low as 5° to 10° for water, and for 
land targets which allow slight penetration. On 
hard targets it fires at impact angles of not less 
than 20° to 25°. 

Since the shutter is held in the safe position 
by the shutter locking pin during acceleration, 
arming will not occur until about 0.1 second 
after acceleration ceases. Therefore, the 
arming distance of the fuze will vary from 200 
to 800 feet, depending upon initial propellent 
temperature at which the round is fired. 

Nose Fuze Mk 149 Mod 0 is safe as long 
as the cap and clamp on the nose are held in 
place by the safety wire or arming wire. If 
the cap and clamp assembly comes off acci¬ 
dentally, the fuze is still safe as long as the 
arming impeller is locked by the locking pin. 

The Nose Fuze Mk 149 Mod 1 is very simi¬ 
lar to the Mk 149 Mod 0, except the firing pin 
of the Mod 1 is drilled longitudinally to make it 
collapse in its well in the shutter if the fuze is 
dropped accidentally while in the unarmed con¬ 
dition. This collapsing prevents it from acci¬ 
dentally initiating the booster lead-in. The 
firing pin of the Mod 0 is not drilled. 

VT NOSE FUZE MK 172 MOD 2.-The Mk 
172 Mod 2 (fig. 10-11) is a proximity fuze 
armed, like other nose fuzes, by a combination 
of air travel and inertia. Its operation is similar 
to that of VT bomb fuzes and it will cause an air- 
burst of the rocket head at distances between 
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COTTER ARMING RING 



Figure 10-11.—Nose (VT) Fuze Mk 172 Mod2, 
external view. 


10 and 40 feet from the target. It is par¬ 
ticularly effective against personnel without top 
cover, such as men in foxholes and slit trenches 
and exposed gun crews aboard ship. 

The Mk 172 Mod 2 fuze may be easily 
recognized by its exposed 10-bladed arming 
vane which is surrounded by an antenna ring. 

VT Fuze Mk 172 Mod 2 is designed for air- 
to-ground firing where airbursts are necessary 
to spray fragments on personnel or light equip¬ 
ment. This fuze may be used in air-to-air 
firing, but the rocket must come within 20 feet 
of its target before the fuze will function. 


NOTE: This fuze must not be used if the 
seal wire is broken with which the fuze is 
shipped. 

Base Fuzes 

Fuze Mk 164 Mod 0 is used in the 5-Inch 
HVAR High-Explosive (HE) Heads Mk 6 Mod 1 
and Mk 6 Mod 4 and incorporates a delay 
functioning time of 0.015 second. Fuze Mk 
166 Mod 0 is used in the 5-Inch HVAR (HE) 
Head Mk 2 Mod 2. 

These base fuzes (fig. 10-4) are armed 
by a combination of gas pressure, inertia, and 
deceleration. Between 275 pounds and 325 
pounds of gas pressure within the motor tube 
is required for complete arming. They fire 
due to inertia of the internal parts upon impact. 

FOLDING-FIN ZUNI ROCKET 

The Zuni (fig. 10-12) is a 5.0-inch high- 
velocity, folding-fin, solid-propellent rocket for 
use by both fighter and attack aircraft against 
bombers, fighters, and ground targets. Physical 
characteristics of the Zuni are as follows: 


Nominal diameter.5.0 in. 

Maximum length.110.0 in. 

Loaded weight.107.0 lb 


Fuzed warhead weight approximate . .48.0 lb 

Two interchangeable warheads provide ef¬ 
fectiveness in a variety of tactical situations. 
An inert-loaded head is also available for prac¬ 
tice exercises. The Zuni is fired from a tubular 
launcher. 

The 5.0-inch folding-fin aircraft rocket 
(Zuni) uses a different method of fin extension. 
Where the 2.75-inch rocket fins are extended 
by piston-crosshead action, Zuni fins are blast 
operated. The heels of Zuni fins are installed 
to lie over the nozzle cone. The first gases 
from the motor kick the fins open to latch on 
ratchet pawls. A small plastic fin retainer 
disk holds the fins closed before motor firing. 

Motor 

The Mk 16 Mod 1 Zuni rocket motor (fig. 
10-12) is 77 inches long with a maximum outer 
diameter of 5 1/8 inches. These motors are 
shipped completely assembled in the Aero 
10D rocket launcher (fig. 10-13), or in indi¬ 
vidual shipping containers. A thread protector 
is screwed into the head end of the motor 
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Figure 10-12.—The 5.0-inch Zuni folding-fin rocket. 


when it is shipped individually. This thread 
protector should not be removed until just 
before the rocket head is attached. The contact 
band at the forward end of the motor is covered 
by a shielding band that must be left in place 
until just before the contact band on the motor 
enters the launcher during loading. The shielding 
band seats in the motor-detent groove and 
covers the ignition contact band, thereby shorting 


out the ignition circuit and providing protection 
against radiofrequency energy. Care should be 
taken when loading motors in launchers to 
avoid touching the contact bands to eliminate 
the possibility of transferring radiofrequency 
energy. 

The nozzle assembly screws into the aft 
end of the aluminum-alloy motor tube. In 
addition to the application of a luting compound 
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Figure 10-13.— Aero 10D aircraft rocket launcher package. 


to the nozzle-attachment threads, the nozzle 
carries an O-ring seal as further insurance 
against gas leakage. 

The nozzle assembly consists of the steel 
nozzle, four aluminum fins, and the steel fin 
locking pawls. The aluminum-alloy fins are 
13 inches long and 2.3 inches wide and are uni¬ 
formly tapered in thickness from the pivot to 
the tip. A light plastic retainer holds the 
fins folded within the 5 1/8-inch diameter of 
the round. On ignition, this fin retainer is 
blown off and gas pressure on the heels of the 
fins pushes them open. The fins open to flight 
position about 4 feet after emerging from the 
launcher. The spring-loaded pawls then hold 
the fins in flight position against aerodynamic 
drag. A special treatment provides a heat- 
barrier coating over the entire fin surface 
to prevent erosion by the hot exhaust gas. To 
protect the propellent charge from moisture, the 
nozzle opening is closed by a metal seal. 


No gas pressure enters the chamber of the 
motor directly behind the head. 

To smooth the burning and suppress flash 
of the propellant, a ballistic rod is installed 
through the center of the star-shaped grain 
perforation in the forward section. The nozzle 
end of the propellent grain seats against a rubber 
seal ring on the nozzle. A helical steel spring 
at the head end of the propellent grain pushes 
it back against the rubber seal ring, thereby 
preventing the flow of hot gas through the 
space between the propellent grain and the motor 
tube. 

There is an external contact band at the 
head end of the motor for the motor-ignition 
circuit. 

The tin-case igniter, located at the head 
end of the motor, is charged with black powder 
and coated magnesium powder. Two Mk 1 
squibs connected in parallel initiate the igniter. 
A lead wire connects the center post of the 
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terminal with the igniter contact band on the 
outside of the motor. The ignition is grounded 
to the motor body by the terminal and clamp 
nut to complete the ignition circuit. 

Heads 

Two heads are currently available for the 
Zuni rocket. They are the 5.0-Inch Rocket 
Head Mk 24 Mod 0 (GP), and the 5.0-Inch 
Rocket Head Mk 32 Mod 0 (ATAP). Other 
heads are currently under development. 

The Mk 32 Mod 0 rocket head (fig. 10-14 
(A)), when fuzed with a point-detonating (PD) 
fuze, effects shape-charge action. Thus, it is 
highly effective against heavy targets such as 
tanks or bunkers. The Mk 32 head has a cavity 
liner to prevent exposing the explosive when 
fuzes are changed. For fragmentation action 
against aircraft or personnel, a proximity fuze 
may be attached to the head. 

The Mk 24 Mod 0 general purpose head (fig. 
10-14 (B)) may be fuzed for contact, prox¬ 
imity, or delayed detonation. The Mk 191 Mod 
0 (BD) fuze is permanently assembled in the 
base of the Mk 24 head and may be removed 
only at a Navy Ammunition Depot by qualified 
personnel. When used with a steel nose plug, 


the Mk 24 is a delay-action warhead. The steel 
nose plug enables it to penetrate heavy targets, 
such as concrete bunkers and ships, and to 
detonate inside the target. The T2061 proximity 
fuze or Mk 188 point-detonating fuze also may 
be used in this head with effectiveness. A 
metal fuze liner is used to prevent exposure of 
the high explosive when a nose fuze is being 
attached or detached. 

Fuzes 

The Mk 188 Mod 0 fuze (fig. 10-15 (A)) 
is a point-detonating nose fuze that may be 
used in the 5.0-Inch Rocket Head Mk 32 Mod 
0 and Mk 24 Mod 0. It is a mechanical set¬ 
back or acceleration-arming type fuze similar 
to the Mk 176 fuze previously discussed in 
this chapter. It is carrier-safe and will not 
arm within the length of the carrier if dropped 
or accidentally fired. 

The proximity fuze T2061 (fig. 10-15 (B)) 
is also designed for use with Zuni Warheads 
Mk 24 and Mk 32. It is especially effective 
against aircraft. In air-to-air firing, the 
T2061 fuze functions within 40 feet of the target 
aircraft and when used with the Mk 32 head 
will destroy an enemy aircraft. 
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Figure 10-i5.—Zuni rocket fuzes. 


Since the T2061 fuze is used with shipper- 
launcher-packages, it has no external arming 
devices. Its electronic components are com¬ 
pletely enclosed in a blunt-nosed, ogival, fuze 
head. 

In air-to-ground application, the warhead 
is detonated above ordinary terrain at appro¬ 
priate approach angles, thus achieving maximum 
effectiveness. When the rocket is fired as one 
of a salvo, the fuze will not function on another 

rocket in flight. The fuze is also carrier-safe. 

The Mk 191 Mod 0 base-detonating fuze 
(fig. 10-15 (C)) is an electromechanical, ac¬ 
celeration-arming, impact fuze. It is installed 
in the base of the 5.0-Inch Rocket Head Mk 
24 Mod 0 at the time the head is loaded with 
high explosive. It, too, is carrier-safe. 

CAUTION: This fuze must not be loosened, 
removed, or worked on by fleet personnel. If 
the gas seal around the fuze is not in place 
or the fuze is loose or missing, the head 
must not be used; it must be returned to the 
Naval Ammunition Depot. A loose, missing, 
or unsealed base fuze can result in great 
material damage and loss of life. 

AIRCRAFT ROCKET LAUNCHER PACKAGES 

AERO 6A-2 

The Aero 6A-2 aircraft rocket launcher 
package (fig. 10-16) is an expendable dual 
purpose store which houses seven rocket motors 
from the time of manufacture to firing at the 
target. The package is used for overseas 


shipment and storage of seven 2.75-inch folding- 
fin aircraft rocket motors and as a service 
launcher for these rockets when equipped with 
rocket heads. 

The shipping configuration consists of two 
packages: 

1. The launcher center section fitted with 
two reusable shock absorbing end pans, rocket 
motors, and motor retaining plugs. 

2. An expendable fiberboard shipping drum 
and eight low-drag, frangible fairings. (One 
package of fairings is supplied with every four 
motor containers.) 

The launching configuration consists of one 
center section containing seven assembled 
rockets and equipped with two frangible fair¬ 
ings. The Aero 6A-2 launcher suspends from 
the bomb hooks of Aero 15C-1 pylon or Aero 
14 type pylons by hangers. Electrical power f 
to the launcher from the aircraft’s 28 volt d-c 
system is through an ignition cable equipped 
with a jack plug which fits standard HVAR 
receptacles. 

The launcher center section is made of 
seven paper tubes surrounded by a heavy 
fiberboard casing and capped with metal end 
bulkheads. The paper components are en¬ 
capsulated with a tough plastic material which 
protects the paper against moisture and the 
effects of rocket blasts. The metal bulkheads 
are swaged in place and sealed to the casing. 
Three internal longitudinal tie rods, with fittings 
on the end bulkheads, provide attaching means 
for the shipping end pans. 
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1. Frangible fairings. 3. Center section. 5. Assembled rockets. 

2. Ignition cable. 4. Suspension hangers. 

Figure 10-16.—Aero 6A-2 rocket launcher package. 


A leaf spring detent latch retains the rocket 
in each launching tube until thrust loads of 
10 to 15 g’s are applied. However, simple 
manual unloading from tail end of the launcher 
is accomplished by depressing detents. Short 
wooden fillet sticks hold the detents in place 
and locally reinforce the paper tubes. 

Electrical power for the rocket ignition 
system is supplied to the launcher by the arm¬ 
ament circuits of the aircraft. The firing 
impulse is distributed to the seven rockets 
by a small molded plastic intervalometer 
attached to the aft bulkhead. The intervalometer 
has no moving parts and requires no mainte¬ 
nance. The wiring of the intervalometer con¬ 
verts the aircraft firing pulse into a ripple- 
salvo of firing pulses at the rate of 100 pulses 
per second. Blast from the last rocket to 
fire severs the ignition cable at the cable 
breaker. This facilitates jettisoning of the 
spent launcher. 

The launcher fairings are made of treated 
wood fiber and will shatter readily from the 
rocket impact. A metal band at the base of 
each fairing fits over the bulkhead and is 
turned to the right to lock the fairing to 
bulkhead. 

NOTE: Current BuWeps Instructions 

should be consulted for applicable re¬ 
strictions and other pertinent information 
prior to using the Aero 6A, 6A-1, or 6A-2 
rocket pod. 


AERO 7D 

The Aero 7D is an expendable launcher- 
shipper package unit for shipping, stowing, and 
firing 19 completely assembled 2.75-inch 
folding-fin aircraft rockets. It is suitable 
for air-to-ground or air-to-air rocket launching. 
Unlike the Aero 6A-2 and 10D launchers, the 
Aero 7D is not divided into 2 separate con¬ 
figurations, 1 for shipping and 2 for firing. 
Because 2.75-inch folding-fin aircraft rockets 
are shipped, stored, and fired using the same 
Aero 7D container-launcher, the components are 
described for a single launcher configuration. 

The Aero 7D rocket launcher package con¬ 
sists of a center section, reusable shock pans, 
and frangible fairings. The center section 
contains 19 assembled 2.75-inch folding-fin 
aircraft rockets, the launching tubes, suspen¬ 
sion provisions, the launcher ignition system, 
end covers, rubber retainers, and locking rings. 
The frangible fairings are shipped and stowed 
in a separate container. Each fairing container 
accommodates 6 frangible fairings. Both the 
center section and fairing container are 
watertight. 

The launcher center section is constructed 
of 19 thermosetting plastic impregnated paper 
tubes clustered and bonded together to form an 
integral part of the structure. This cluster 
is contained in an aluminum skin. The ends 
are closed and supported with metal bulkheads. 
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External suspension lugs are screwed into thread 
inserts to provide for attachment to aircraft 
bomb racks. In each tube, the rocket is held 
in place by a flexible metal spring detent; the 
rocket blast upon firing releases this spring. 

A hard rubber pad is fitted to the front 
of the package to provide support for the rocket 
nose should any rocket become dislodged from 
its detent during shipment and stowage. A 
soft rubber pad is fitted to the rear of the 
package to support the rocket fin retainers of 
the rockets during shipment and stowage. These 
items are removed when the fairings are 
installed. 

Shock pans are used to support the ends 
of the launcher center section when it is 
packaged for shipment or storage. These pans 
provide stability to the package for single or 
multiple stacking, and contain locking slots for 
compressing the cover seal ring by means of 
a locking ring assembly for sealing the center 
section and assuring a watertight container. 
The end pans are removed when the fairings 
are installed. 

Electrical power for the rocket ignition 
system is supplied to the launcher by the 
28-volt d-c armament circuit of the aircraft. 
Two receptacles are provided for making con¬ 
tact. One receptacle is located near the 
forward end of the center section, the other 
near the after end of the center section. Either 
receptacle may be used for making contact. 
The type of bomb rack used with the launcher 
determines which receptacle is used. On 
aircraft using bomb racks with striker arms, 
Aero 14 or 15 type combination bomb rack 
and rocket launcher pylon, a post assembly 
is inserted in the receptacle. Grounding of the 
circuit is provided through the suspension lugs 
which attach the launcher to the aircraft. As 
a safety precaution, shorting buttons are placed 
in each receptacle. The shorting buttons are 
not removed from the receptacles until connec¬ 
tions are made and just before the aircraft 
is ready for flight. When fired, current passes 
through an intervalometer which ripple-fires the 
rockets in pairs at 10-millisecond intervals. 

Each contact receptacle is protected by a 
dust cap and shorting button assembly. The 
shorting button is a leaf spring button which 
is pressed in place between the five pins of 
the receptacle. A retaining cord connects the 
button with the inside of the dust cap. The 
dust cap is screwed in place over the receptacle 
and prevents entrance of foreign material. 


Before making electrical contact to the air¬ 
craft, the dust caps are removed from both 
receptacles and allowed to dangle. The shorting 
button is removed from the position to be used 
when electrical connection is made. The re¬ 
maining shorting button is pulled out just prior 
to takeoff. 

The firing impulse is distributed to the 
individual rockets by a shunt-fuse inter¬ 
valometer which is installed through the aft 
bulkhead into the wiring harness receptacle. 
The intervalometer has no moving parts and 
requires no maintenance. The wiring of the 
intervalometer converts the firing pulse into a 
ripple-firing with a 10-millisecond delay 
interval. 

Frangible fairings are attached to the for¬ 
ward and aft ends of the center section after 
the center section has been attached to the 
aircraft. The launcher fairings are made of 
treated paper and shatter readily from rocket 
impact or blast. A metal band at the base of 
each fairing provides lugs which engage grooves 
in the center section end rings. As the fairing 
is rotated clockwise, a leaf spring clip locks 
the fairing in place. When attached, the fair¬ 
ing is flush with the outside surface of the 
center section and forms an aerodynamically 
smooth joint. 

Multiple suspension provisions make the 
Aero 7D adaptable to most Navy and Air Force 
tandem 14-inch and 30-inch bomb racks, and 
single bomb hook United Kingdom bomb racks. 
Threaded suspension lugs not being utilized are 
removed to provide minimum weight and maxi¬ 
mum clearance for each installation. 

AERO 10D 

The Aero 10D aircraft rocket launcher 
package (fig. 10-13) is a reusable dual-purpose 
store which houses four 5.0-inch folding-fin 
aircraft rocket, Zuni, motors from the time 
of manufacture until assembled with warheads 
and fired at the target. It is suitable for 
air-to-ground or air-to-air rocket launching. 

The shipping configuration consists of two 
packages: the launcher center section, con¬ 

taining four 5.0-inch folding-fin aircraft rocket, 
Zuni, motors, with the shock pans, covers, 
and locking rings installed; and the fairing 
container, containing six streamlined, frangible 
fairings, enough to equip three launchers. 

The shipping ends comprise a multipurpose 
arrangement consisting of the shock pan 
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assembly, cover assembly, and locking ring 
assembly. The shock pan assembly is a heavy 
metal picture frame type structure which pro¬ 
vides stability and rigidity. It is equipped 
with an alternate hold and pin arrangement on 
the sides, so arranged that when the launchers 
are stacked, the shock pans interlock. The 
cover is equipped with a rubber seal ring 
which, when compressed by the locking ring 
assembly, forms a watertight closure over the 
end of the launcher. The locking rings fit 
into grooves in the shock pan and serve to 
hold the cover in place and compress the seal 
ring. In addition, the locking ring is equipped 
with handles that can be hinged back perpen¬ 
dicular to the horizontal centerline of the 
launcher and latched to the shock pan by means 
of a spring-loaded pawl to facilitate manual 
handling. 

The launcher center section contains the four 
launching tubes, the electrical ignition system, 
suspension lugs, and a sear type detent latch. 

The flight configuration consists of a launcher 
center section, with the shock pan, cover, and 
lockring assemblies removed, containing four 
assembled Zuni rockets and a frangible fairing 
installed and securely locked in place on each 
end. 

Electrical power for the rocket ignition sys¬ 
tem is supplied to the launcher by the 28-volt 
d-c armament circuit of the aircraft. Electrical 
connection between the aircraft and the launcher 
is made through either of two paralleled re¬ 
ceptacle assemblies, located in the vicinity of 
the launcher center section lugs. As a safety 
requirement, both receptacles are fitted with 
shorting plugs and dust caps. A selector 
switch is located in the aft bulkhead of the 
launcher for preflight selection of either ripple- 
or single-firing of the rockets. A rotary relay 
type intervalometer located in the forward bulk¬ 
head distributes the firing pulse to the indi¬ 
vidual rockets and is designed for a 
50-millisecond time-delay interval. Electrical 
connection to the rocket motor is completed 
in each tube through contact posts on the de¬ 
tent latch to a contact band on the rocket motor. 
The forward contact post is the negative con¬ 
nection and the aft contact post is the positive 
connection. 

In addition to the selector switch located 
in the launcher, some aircraft are equipped 
with a selector switch in the cockpit. In air¬ 
craft so equipped, the pilot has the inflight 
option of either ripple- or single-firing. 


provided the selector switch in the launcher is 
in the proper position before takeoff. In air¬ 
craft not so equipped, the method of firing is 
restricted to the preflight setting of the launcher 
selector switch. 

Multiple suspension provisions make the 
Aero 10D launcher adaptable to most Navy 
and Air Force tandem suspension 14-inch and 
30-inch bomb racks plus the United Kingdom 
single-suspension bomb racks. The Aero 10D 
launcher is not suspended from a bomb rack 
that does not have independent ignition and 
jettisoning circuits. For further information 
in handling, loading, assembling, and storing 
of aircraft rocket launcher packages, the Avia¬ 
tion Weapons Officer should consult Aircraft 
Rockets, NavWeps OP 2210, or other official 
publications. 

TESTING AIRCRAFT ROCKET 
FIRING CIRCUITS 

Before the electrical connections can be 
made to the rockets, the rocket firing circuit 
must be checked to insure that the firing circuit 
is operating properly. The check must comply 
with instructions contained in the aircraft’s 
Maintenance Instructions Manual, BuWeps In¬ 
structions, or local instructions. 

Two basic tests must be performed. The 
first test consists of a continuity test which 
is performed prior to loading the rockets and 
in any location where auxiliary power is avail¬ 
able. The second test, a no-voltage test, is 
performed in the arming area and requires that 
the pilot have the aircraft’s engine and genera¬ 
tors running. Figure 10-17 shows the standard 
equipment that is normally used in performing 
these two tests. 

NOTE: The greatest single cause of firing 
failure is the lack of electrical continuity be¬ 
tween the aircraft and the rocket. 

The continuity test or no-voltage check for 
aircraft rocket firing circuits is similar for 
all aircraft carrying any type of rocket or 
rocket launcher package. However, the Opera¬ 
tion and Service Instructions Manual for the 
rocket launcher package model to be used should 
be checked prior to performing any test involving 
amperage or voltage requirements. 

The no-voltage test must be performed just 
prior to connecting the rocket circuit to the 
rocket or rocket pod. The no-voltage test is 
made using either the Rocket Launcher Firing 
Circuit Tester (fig. 10-17) or a voltmeter with 
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Figure 10-17.—Rocket Launcher Firing Circuit Tester. 


a 0-30 and 0-1.5 volt scale modified to include 

a 5-watt, 1/2-ohm resistor across the 1.5-volt 
circuit of the meter. The standard circuit tester 
incorporates this resistor as part of the unit. 
It has the two scales on its face, a 3-position 
switch on the top marked TEST, 0-30, and 0-1.5, 
and a TEST button on the side. 

The Aviation Weapons Officer is concerned 
mainly with the selection of qualified testing 
personnel and any improper readings obtained. 
An aircraft with stray or surge voltage found 
in the aircraft rocket firing circuit, must be 
immediately downed for rocket firing until a 
thorough check of the rocket firing circuit is 
performed. 

ROCKET SAFETY PRECAUTIONS 

The aircraft rocket is no more dangerous 
than any other explosive weapon, but it does 
have certain peculiar hazards. A completely 
assembled rocket, if accidentally fired, will 
take off under its own power in the direction 
in which it is pointed, with threat of damage 
to anything in its path. When fired, an assembled 
rocket expels a blast of burning gas capable 


of injuring or killing anyone it strikes, because 

of concussion or burns. 

Four hazards exist in dealing with aircraft 
rockets: 

1. Inadvertent electrical contacts which 
may set off the rocket. 

2. Excessive temperatures or pressures 
which may cause the motor to explode in a 
ground fire or in the air when fired. 

3. Continued exposure to abnormal stowage 
temperatures which may cause the propellant 
to deteriorate, with attendant hazards of pos¬ 
sible explosion when the rocket is fired. 

4. Rough handling or blows which may break 
the propellent grain, thus exposing too much 
surface to burning and leading to possible 
excessive pressures in the motor when fired. 

Generally, a rocket motor without a head 
attached is unlikely to explode. It does present 
a potent fire hazard since ballistite or S.P.C.G. 
ignites easily and burns readily. High-explosive 
heads, either fuzed or unfuzed, present the same 
risk as do gun projectiles under the same con¬ 
ditions. Rockets, whether completely assembled 
or disassembled, must be handled with extreme 
care to avoid damage to parts. 
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Chapter 10-NAVAL AIRBORNE ROCKETS AND ROCKET FUZES 


Rocket motors should be stowed in the same 
manner as smokeless powder. Matches and 
open flames must never be allowed in the 
stowage area. Smoking should not be per¬ 
mitted in the loading area within 200 feet of 
any ammunition. 

Do not fire rocket motors when the propellent 
temperature is outside the safe-firing tem¬ 
perature limits specified on the motor tube. 
K the motor has been exposed for more than 
1 hour to temperatures outside these limits, 
maintain that motor within the safe-temperature 
limits for 6 hours before firing. 

Rocket motors must not be stowed in the 
same compartments with or near radio ap¬ 
paratus or antenna leads, due to the possibility 
of induced currents igniting the motor. 

High-explosive heads and fuzes (except base 
fuzes which are permanently installed in the 
head) must be stowed separately from each 
other, in the same manner as high-explosive 
projectiles. 

Do not tamper with or attempt to repair 
any parts of the round. If the round is damaged 
or defective, remove the head from the motor 
and mark the defective part for return to the 
issuing agency. 

Do not remove the shorting device from the 
contact bands or other electrical contacts until 
just before loading the round in the launcher. 

Careful examination of the rocket motor will 
reveal an opening in the forward end to allow 
escape of gases and flames, should the motor 
be accidentally ignited prior to installation of 
the head. For this reason, always examine 
a line-loaded head to insure that its base fuze 
is in place to prevent the gas pressure and 
flames from reaching the high explosive in 
the head. Inert loaded heads use a steel base 
fuze hole plug in lieu of a base fuze. 


A rocket component dropped from a height 
exceeding 5 feet, must not be loaded but rather 
put aside for return to an ammunition depot 
(if feasible) or disposed of according to cur¬ 
rent directives and local regulations. 

Rocket fuzes shipped in sealed containers 
are to remain in the sealed cans during stowage. 
As a rule, noze fuzes are stowed in a ship’s 
bomb fuze magazine, or under conditions speci¬ 
fied by the Bureau of Naval Weapons. Cans 
should be placed upright in assigned magazines 
and secured firmly. 

Fuzes are relatively sensitive and must 
be handled with care to avoid extreme shocks 
which might cause damage. Operations such 
as fuzing, unfuzing, assembly, or disassembly 
of all types of ammunition should be carried 
on at a distance from other explosives and 
from vital installations. Only the minimum 
number of persons and rounds required should 
be in the vicinity. The ideal situation would 
be to permit work on only one round at a time, 
on a deck or at some other location remote 
from all magazines, ready stowage, explosive 
supplies, or vital installations. 

Examination of the exterior of some fuzes 
does not indicate whether they are armed. If 
for any reason it is thought a fuze might be 
armed, it should be treated as an armed and 
sensitive fuze. No attempt should be made to 
remove it from the rocket head. The complete 
fuzed round should be disposed of by gently 
lowering it tailfirst into deep water. If avail¬ 
able, explosive-ordnance-disposal personnel 
should dispose of such rounds. 

Disassembly of rocket fuzes is not permitted 
except as authorized by the Bureau of Naval 
Weapons. 

CAUTION: Never attempt to remove a base 
fuze from the rocket head. 
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Section V 
Operating Limitations 


am 



ixnmi STORK IMITATIONS 



NOTES 


13. The authorized models of the FLARE series are 
LUU-1/B, LUU 2/B ( LUU*5/B H Mk 24 Mod 4, and 
MJU-3/B, 

14 The authorized models of the LAU series are the 
LAU 3/A, LAU-68A/A, LAU-68B/A, and LAUTJ5/A. 
The authorized rocket warheads are the Mk 1 r 
M 151, WDU-4A/A, and M 156, Authorized rocket 
motor is the Mk 4. 

The authorized nose and tail fairings for the LAU-3/A 
and LAU-9S/A are: FFAR FAIRING SET P/N 
7027240-50 and 7027240-70, 

15, The aft center of gravity limit listed requires rhat the 
internal gun ammunition handling system must con¬ 
tain 1,000 rounds and that the ammunition not he 
expended until the CBU-12 A/A munition is empty. 
Chart C Arm Aft Limit aft shift obtained either by 


retention of empty ammunition cases or ammunition 
is not applicable to this limit 

16. The aft center of gravity Omit listed required that 
the CBU-12A/A be empty prior to release and/or 
employment of other external stores. 

17. This configuration may be mixed with any other 
configuration depicted in figure 5 12 provided the 
AFT CHART C ARM LIMIT of the original con¬ 
figuration is adjusted forward 0.5 inches for each 
MER added. 

18. Until ballistic information is included in a future 
OFF, computed delivery is not possible for the 
CBU-12A/A, CBU-30/A, CBU-38/A, CBU 52/B 
CBU 52A/8, CBU 52B/B, and CBU-58/B and re- 
lease must he in the manual mode. 
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Section V 


AUTHORIZED CONFIGURATIONS FOR TAKEOFF 


'Plate* 

O AIM-9 REQUIRED ON TIP LCHR RAILS, 

© AIM-? REQUIRED ON TIP LCHR RAILS WHEN CL 275-GAL TANK WITH FUEL QR MK-34 IS CARRIED. 

© LEFT CUTBD PYLON ONLY; OTHER WING STATIONS - NO PYLON. 

O LEFT OUTBD PYLON ONLY; TANK £150 GAL) ON RIGHT INBD PYLON ONLY; OTHER WING STATIONS - NO PYLON, 
© I0U-11/B ON LEFT TIP LCH9 RAIL; AlM-9 ON RIGHT HP LCHR RAIL. 

© MAY 3E LOADED ON EITHER TIP LCHR RAIL WITH OPPOSITE TIP LCHR RAIL EMPTY. 

O ADAPTER required. 


OTHER CONFIGURATION LIMITATIONS ; 

1 , AIMh9B, E r J, * J-l MISSILE5 - SHALL HAVE WING AND ROLLERON ASSEMBLIES I NS TALL ED . 
(CAPTIVE OR LIVE) 

2. STORES ON WING PYLONS - STORES SHALL BE IDENTICAL IN MODEL DESIGNATION, EXCEPT AS 

INDICATED IN NOTE © (EXAMPLE: LAU-3/A CANNOT BE MIXED 
WITH LAU-3A/A)- WITH INBD PYLON FUEL TANKS, OUTBD PYLON 
WEAPONS MUST BE IDENTICAL. 


MAXIMUM AUTHORIZED LOADS FOR ACCESSORIES: 


I, AU -3/A, A/A, 6/A, -60/A 
LAU-6SA/A, B/A 
SUU-25A/A, C/A, E/A 


- (I?) FEAR (MK4 MOTOR WITH INERT, MKi, MK5, M151, 
MT56, CRWDLF-4 WARHEAD) 

- (7) FFAR (MK4/40 MOTOR WITH rNERT.MKl, W.K5, M151, 
Ml 56, 08 WDU-4 WARHEAD) 

- (8) MK-24, LJU-Va, 2/B OR 5/El FLARES 


SUU-20 SERIES 
BRU-27/A MER 


- (6} 6DU-33/M K-106 BOMBS i (4) FFAR (MKV^O MOTOR 
WITH INERT, MK1, MKS, M151. OR Ml56 WARHEAD) 

— (5) MK-02 LD OR mb:-32 SE BOMBS (NOT MIXED) 


THE FOLLOWING LEGEND AND ABBREVIATIONS APPLY TO THE AUTHORIZED CONFIGURATIONS 
FOR TAKEOFF AND IN-FLIGHT CARRIAGE &. SEQUENCING LIMITATIONS CHARTS, 


-LEG EN D-—-—— 

AIM-9 - AIM-9B, E, J, JQR J-l 

BLU - BLU-1, BLU-27, BLU-32 SERIES (U) OR (F) 

BLU-1 - BLU-1 SERIES (U) OR (F) 

BLU-27 - BLU-27 SERIES (U) OR (F) 

6LU-32 - BLU-32 SERIES {U) OR (F) 

CRU - CBU-24. -49, -52, -5B, -71 SERIES 

GBU-12 (HS) - GBU-12/B, A/'B (LGB HIGH SPEED) 
GflU-12 (LS) - GBU-12Ay^ (LGB LOW SPEED) 

LAU - LAU-3, -60, -66 SERIES 

Ml 29 -M129E2 

MER — BJUJ-27/A 

MK-B2 - MK-82 LD OR MK-62 SE 

5UU-23 — SUU-20 SERIES 

5UU-25 - SUU-25 SERIES 


-ABBREVIATIONS- 

FFAR - FOLDING FIN AIRCRAFT 
ROCKET 

HS -HIGHSPEED 
LCHR — LAUNCHER 
LD - LOW DRAG 

LS — LOW SPEED 

MER — MULTIPLE EJECTOR 
RACK 
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Figure S-S (Sheet 5), 
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Section I 
Part 4 


NAVAIR 01-60GCB-1 


EXTERNAL STORES LIMITATIONS 


NOTES 


General 


A. LBA * Limits of the basic airplane without external stores or racks. 


B. Mixed loadings of listed stores are authorized subject to the 
following constraints: 

1. Carriage limitations for the most restrictive store carried; 
release and jettison limitations for the individual store apply. 

2. Stores may be carried only on stations for which they are spe¬ 
cifically authorized in the external stores limitations table. 

3. Adjacent sponson stations shall not be loaded when carryinq 
the A/A37B-3 PMBR. 

4. Adjacent sponson stations are limited to stores with a 
diameter of not more than fourteen inches when carrying the 
MK-77 fire bomb. 

5. Sponson stations 2 and 4 are limited to stores with a diameter 

of not more than ten inches when carrying the MK-4 gun pod and not 
more than 12 inches when carrying the Aero-IC or FPU-3/A fuel tank. 


Specific 

1. Installation and carriage of Aero 1C, FPU-3A or USAF 
230-gallon external fuel tank requires the Aero 1A 
adapter with the Aero 65A rack. 

2. MK-81 Snakeye finned bombs may be released, 
retarded or unretarded. 

3. Use wet sand fill only. 

4. Multiple weapon carriage employs the A/A37B-3 
PMBR attached to the Aero 65A rack. 

5. Tail fairings should be installed on all rocket 
launchers. 
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Figure 1-36 fSheet 9) 






NAVAIR 01-60GCB-1 


Section I 
Part 1 


6. 2.75 inch rockets with MK-40 motors (scarfed) may be launched only 
from seven round launchers or half loaded 19 round launchers 
(tubes number 1A, 2B, 3B, 4A, 5B, 6A, 7B, 9A, 10). M423 point 
detonating fuzes are not authorized. 

7. The LAU-33A/A installed on wing pylon stations with the LAU-7A 
launcher can not be jettisoned. 

8. Special OV-10A suspension lugs are required for installation of the 
MK4 gun pod. 

9. For MK24 parachute flare installation, refer to AAB 347 and AAC 494. 

10. 2.75 in. FFAR with M-229 or WDU-4A/A warhead is cleared for carriage/ 
launch from LAU-61/A, LAU-68/A and LAU-69/A. Pullup should be 
made immediately after firing 2.75 in. FFAR with WDU-4A/A warheads 
to preclude flying through flechettes. 

11. For carriage of 4 or more CBU-55, one or more of the fins must 
be folded to prevent physical interference. The fin(s) to be 
folded is (are) designated as upper or lower, left or right as 
seen when looking from the tail to the nose of the store. 

12. For short field or rough field landings a maximum of three CBU's 
can be carried (one each side and center line). 

13. Ripple firing is limited to single aircraft station with exception of: 
LAU-61/A or 69/A; any two non-adjacent aircraft stations. 

LAU-61A/A or 68B/A; up to four aircraft stations. 

14. Do not load adjacent stations. Pods may be fired singly or in pairs. 

Only low rate of fire authorized. 
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T.O. 1F-5E-34-1-1 


Section 


LAU-3/A, A/A. B/A, -60./A ROCKET LAUNCHER 


DETENT 



GROUNDING 
BUTTON 
£ LAU-3 B/A) 


BREAKER SWITCH 
CLAU-60/A1 1 

AFT ELECTRICAL 




CONTACT 

FINGER 


\ 

AFT FAIRING 


SHORTING PIN 
(LAU-3/A, A/M 


SUSPENSION 
LUGS 

FWO ELECTRICAL 
receptacle 


CHARACTERISTICS 

WEIGHT EMPTY 
* WEIGHT LOADED 

LENGTH (FAIRINGS INSTALLED} 
DIAMETER 

SUSPENSION LUG SPACING 
/SINGLE 
I RIPPLE 


FIRING RATE 


STATION COMPATIBILITY 
CARRIAGE/EM P LOYM ENT/ 
JETTISON LIMITS 


?4 .0 LB 
409.0 LB 
77.0 IN 
15,5 IN 
14,0 IN 

2 EACH FIRING SIGNAL. 

17,70 OR 6013-MILLISECOND 
INTERVAL BETWEEN EACH 2 . 
!NBO AND OUTBD PYLONS 

REFER TO FLIGHT MANUAL. 



INTERVALQMETER 


* MAY VARY DEPENDING ON WARHEAD AND FUZES USED. 


SINGLE -RIPPLE 
SWITCH 


F-5 34-47{l}A 


Figure 1-45. 


OPERATION 

Operation of the fire bomb commences as 
it is force-ejected front the pylon, 
extracting the arming lanyard from the 
initiator. This permits a firing pin to fire 
a thermal battery and electrically arm 
the fuzes. Upon bomb impact, the fuzes 
function, bursting the igniter. White 
phosphorus from the igniter causes 
immediate ignition of the splattered fuel 
from the ruptured tank. 


ROCKET LAUNCHERS 

LAU-3 AND LAU-6G 

The LAU-3/A, A/A, B/A, and -50/A 
rocket launchers (figure 1-45) are 
expendable items capable of being loaded 
with nineteen 2.75-inoh folding fin 
aircraft rockets (FTAft). The launcher 
consists of the center section with 


streamlining fairings installed and looked 
onto the forward and aft ends. The front 
fairing is constructed so that upon rocket 
impact, the fairing shatters. The aft 
fairing is constructed to funnel rocket 
debris away from the aircraft. The eenter 
section is constructed of 1 & impregnated 
paper tubes clustered and bonded together 
to form an integral part of the structure 
and wrapped with a thin aluminum outer 
skin. Detents within the tubes restrain 
the roekets against normal flight loads 
and provide electrical contact to ignite 
the rockets. Ground contacts on the aft 
bulkhead complete the electrical firing 
circuit thru the roeket. There are two 
electrical receptacles on top of the 
center section; the receptacles are wired 
in parallel. Electrical power for the 
rocket ignition system is supplied to the 
launcher by the armament circuit of the 
aircraft. The firing of the 19 rockets is 
controlled by an electromechanical 
intervalometer. The intervalometer will 


Change 1 
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T.O. IF-5E-34-1-1 



LAU-68A/A.B/A ROCKET LAUNCHER 


CHARACTER! 5TIC5 

WEIGHT EMPTY 
* WEIGHT LOADED 

LENGTH (FAIRING INSTALLED) 
DIAMETER 

SUSPENSION LUG SPACING 
FIRING RATE 

STATION COMPATIBILITY 

C A K RI AGE 'E M F LO YM E NT/JETT I SON 

LIMITS 


71.0 LB 
215.0 LB 
72.it IN 
9.8 IN 
14.D IN 

I EACH FIRING SIGNAL 
6C±6 MILLISECOND INTERVAL 
INBD ROUTED PYLONS 

REFER TO FLIGHT MANUAL. 


VIEW LOOKING FORWARD 
(NUMBERS INDICATE 
FIRING ORDER) 


INTER VALOMETER 
CONTROL 


AFT 

FAIRING 


SUSPENSION 
LUGS 


SHORTING 
PIN 


FWD ELECTRICAL 
RECEPTACLE 


AFT ELECTRICAL 
RECEPTACLE 


FWD FAIRING 


* MAY VARY DEPENDING ON WARHEAD AND FUZES USED. 


f-5 3*-'18(l'A 


Figure 1-46. 


fire either two rockets on each impulse 
or, in ripple mode, will fire each pair 
with a predetermined interval between 
firing impulses. Selection for single or 
ripple must he made before takeoff. A 
grounding button inserted in the forward 
electrical receptacle is used to safe the 
LAU-3B/A launcher. On the LAU-3/A and 
A/ A, a shorting pin inserted in the left 
side of the launcher safes the firing 
circuit. The LAU-60/A contains a breaker 
switch on the top of the launcher aft of 
the aft electrical receptacle. When the 
detent pin is inserted into the breaker 
switch, the firing circuit is in a safe 
condition. Safety devices {shorting pin, 
grounding button or detent pin) must be 
removed before flight. 


LA J-68A/A, B/A 

The LAU-68A/A, B/A launchers (figure 
1-45) are capable of being loaded with 
seven 2.75-inch folding fin aircraft 


rockets (FPAR). The launcher consists of 
the center section with streamlining 
fairings installed and locked onto the 
forward and aft ends. The front fairing is 
constructed so that upon rocket impact 
the fairings shatters. The aft fairing is 
constructed to funnel rocket debris away 
from the aircraft. The center section is 
constructed of seven metal tubes 
clustered and bonded together to form an 
integral part of the structure and 
strapped with a thin aluminum outer skin. 
Detents within the tubes restrain the 
rocket against normal flight loads. 
Ignition voltage is applied by the firing 
contacts on the aft end of the launcher. 
There are two electrical receptacles on 
top of the center section. Electrical 
power for the rocket ignition system is 
supplied to the launcher by the armament 
circuit of the aircraft. The intervalometer 
can be set to fire the rockets in either 
single or in ripple mode. In ripple mode, 
the rockets will fire at 60-millisecond 
intervals between firing impulses. 


1-96 





T.O. 1F-5E-34-1-1 


Section i 


Selection for single or ripple must be 
made before takeoff. The firing circuit of 
the launcher can be safed by a shorting 
pin on the top of the launchers. The 
launcher aft receptacle is connected 
electrically to the aircraft armament 
system by a connector. 


2 75 INCH FOLDING FIN AIRCRAFT ROCKET 
(FFAR) 

The 2.75-inch folding fin rocket (figure 
1-47) is used to deliver a variety of 


warheads on ground targets. The rockets 
are used against enemy personnel, 
shipping, tanks, armored fortifications, 
and equipment of all types. The complete 
round consists of a motor, warhead, and 
fuze. Rocket motors used are MK4 and 
MK40. 



The MK40 motor shall not be 
fired from the LAU-3 or LAU-6G 
launcher. 


2.75-INCH FFAR 


bin rOR Tubc 
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ROCKET MOTOR ASSEMBLY 

The motor tube (figure 1-47) is made of 
seamless aluminum alloy tubing and is 32 
inches long. The propellant used is an 
internal-burning grain ballistHe, which 
builds up to a maximum peak pressure of 
approximately 930 pounds of thrust when 
the rocket is fired. The burning time of 
the propellant varies with the 
temperature, from 2.92 seconds at -50°F 
to 1.42 seconds at 130 o F. The external 
surface of the grain is covered to prevent 
the grain from burning on the outside. 
The rocket motor is ignited by aircraft 
electrical power thru an igniter. Peak 
velocity of the rocket at motor burnout 
is approximately £300 fps. An electrical 
squib ignites the mixture of black powder 
and magnesium powder in the igniter. 

Rocket Nozzle and Fin Assembly 

The nozzle and fin assembly (figure 1-47) 
attached to the aft end of the motor 
tube consists of a nozzle plate, four 
nozzles, a fin actuating mechanism, four 
folding fins, and a fin retainer and 
contact disk. Gas pressure from the 
motor operates a piston and erosshead, 
pushing the heels of the fins and causing 
the fins to open* The erosshead remains 
in its rearmost position and is effective 
in locking the extended fins in their 
normal angular projection rearward 
against the force exerted by the 
airstream even after loss of external 
pressure at motor burnout. The fins are 
shaped aluminum alloy plates, f>.& inches 
long and 1,25 inches wide. When folded, 
they extend to the rear within the 2.75- 
inch diameter of the round* The forward 
end corners are cut out and beveled so 
that the fins will clear the nozzles when 
closed and clear the exhaust blast when 
open. The MK 40 motor differs from the 
MK 4 in that it has scarfed nozzles that 
increase stability by causing rotation of 
the rocket in flight. 


WARHEADS 
MK1 (HE! 

The MK1 high-explosive (HE) head (figure 
1-46, sheet 1), may be used with the 
MK17 6, MK178, M423 or M427 fuze. The 
head is loaded with HBX-1 high-explosive 
for blast, fragmentation, mining, or 
demolition effects. Installation of the 
MK-176 or MK-178 fuzes allows the 
warhead to penetrate for internal blast, 
whereas the M427 fuze provides a surface 
burst, thereby increasing fragmentation 
effects. 


MK5 [HEAT] 

The MK5 high-explosive antitank (HEAT) 
head (figure 1-48, sheet 1) uses the 
MK181 fuze. The head is constructed with 
a shaped charge for penetration of 
armored vehicles, tanks, and other 
resistant targets. 


M151 (PMIJ 

The Ml51 high-explosive warhead (figure 
1-48, sheet 1) has a pearlite, malleable 
iron (PM1) case designed to produce high 
fragmentation. The warhead is an 
antipersonnel and antimaterial munition 
and is equipped with the M423 or M427 | 
fuze. The greater length of the warhead 
and increased breakup of the case 
combine to provide improved effectiveness 
compared to the MK1 warhead. 


M156 tWP) 

The Ml56 smoke (V¥P) warhead (figure 
1-48, sheet 1) is used for target spotting 
and is identical in appearance to the 
Ml 51 warhead. The Ml56 is filled with 
white phosphorus and uses the M423 or | 
M427 fuze. Upon impact, the fuze booster 
detonates and initiates the burster charge. 
The warhead case is ruptured and the 
exposed phosphorus is ignited 
spontaneously, providing a dense cloud of 
smoke and minor incendiary effect. 
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WDU-4A/A (Flcchettel 

The W DU-4 A/A antipersonnel flechette 
warhead (figure 1-48, sheet 2) weighs 9.1 
pounds and contains 5.5 grams of 
explosive. The warhead is 17.25 inches 
long and contains 2,200 twenty-grain 
fleehettes. The warhead has a base fuze, 
ejecting charge, piston, and an 
aerodynamic nose cone, and Contains a 
red dye marker to provide visual 
identification of warhead functioning. 

The fuze is installed during assembly and 
is an integral part of the warhead. At 
launch, acceleration forces arm the fuze. 
At 1.6 seconds after launch, an airburst 
is initiated by deceleration forces which 
allow the spring-loaded firing pin to 
ignite the ejecting charge. The ejecting 
charge generates gas pressure against the 
pusher plate which transmits the pressure 
thru the fleehettes and to the shear pins 
on the nose cone. The shear pins break, 
the nose cone is ejected, and the 
fleehettes follow the nose cone. The 
fleehettes are packed with alternating 
fleehettes point fore and aft. 
Aerodynamic force causes the tail-forward 
fleehettes to tumble and streamline after 
ejection. This weather cocking causes 
dispersion. 

Slant range at launch is the critical 
factor in determining slant range at 
warhead function. Slant range as function 
must be known to determine dispersion 
and weapon effectiveness. 


WTU-l/B {PRACTICE] 

The WTU-l/B practice warhead is a 
training warhead which is ballistically 
matched to the Ml 51 warhead. 


MK61 (PRACTICE] 

The MK61 practice warhead simulates the 
ballistic characteristics of the MK1 and 
MK5 warheads. The head is painted blue 
with white lettering. 


ROCKET FUZES 
'VIK176 

The MK176 point-detonating fuze (figure 
1-48, sheet 1} consists of a cone-shaped 
steel body that encloses an arming 
mechanism, firing mechanism, and an 
explosive train. The explosive train 
consists of a primer, delay element, 
detonator, and booster. The rate of 
acceleration required for arming is 
approximately 20 Gs, which ensures that 
the rocket will travel at least 500 feet 
before the fuze will arm. The maximum 
distance for arming is approximately 1400 
feet. Once armed, the fuze remains 
armed until detonation. A 4-microsecond 
delay element is provided. The MK176 
fuze is used on the MK1 warhead, 


MK178 

The JWK178 (figure 1-48, sheet lj is 
similar to the MK176 fuze except that 
the delay element between the primer 
and detonator has been replaced by a 
flash tube to reduce fuze function time. 

MK1S1 


The MK191 point-detonating fuze (figure 
1-48, sheet 1) consists of an arming 
device, fuzing mechanism, and a shaped- 
charge booster. The shaped-charge booster 
is concave at the base to direct a jet 
stream of hot gas into the shaped-charge 
cone of the warhead upon impact. The 
arming mechanism is similar to the 
MK176/178 fuze arming mechanisms. The 
fuze is detonator-safe and is armed by 
sustained acceleration of approximately 20 
Gs, which ensures that the rocket will 
travel at least 400 feet before the fuze 
will arm. The maximum distance for 
arming is approximately 1400 feet. 
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M423 AMD IV1427 

I The M4 23, M427 superquick-action, 
impact-actuated fuze (figure 1-48, sheet 
1) provides warhead detonation above 
ground to Increase the fragmentation 
| produced by the MK1, M151 or M156 
warhead. The fuze consists of an inertial 
arming device, mechanical firing 
mechanism, and an explosive train 
consisting of a primer, detonator, lead-in, 
and booster* The fuze is detonator-safe 
requiring 20 Gs for approximately 1 
second to complete the arming sequence. 
This provides a minimum of 500 feet to a 
maximum of 1200 feet of safe rocket 
travel for the warhead to arm. The fuze 
will function instantaneously, without 
ricocheting off hard ground or burying in 
soft mud or water, and at low impact 
angles (approximately 3 degrees). The 
M423 fuze has a shorter arming time 
than the M427, 

W DU-4 A/A iFlechatte} 

The fuze used in the WDU-4A/A (figure 
1-48, sheet 2) is an integral part of the 
warhead. 

The fuzing element consists of an 
acceleration-actuated arming mechanism, 
a deceleration-actuated spring-loaded 
firing mechanism, a percussion primer, 
and an explosive charge. 

The primer is housed in an unbalanced 
arming rotor. In the unarmed conditions, 
the rotor is locked in a position so that 
the primer is out of alignment with the 
firing mechanism and explosive charge. A 
pusher plate is installed between the 
explosive charge and the payload. 

When the rocket is fired, inertial 
acceleration forces free the fuze arming 
rotor. The unbalanced rotor turns to the 
armed position and is locked in place. 
The primer is in line with the firing 
mechanism, and the fuzing mechanism is 
armed. At deceleration thru 11 g, the 
firing pin strikes the primer. The primer 
initiates the explosive charge behind the 
pusher plate of the warhead. Pressure 
resulting from the exploding charge shears 
the warhead hose retaining pins and the 
fleehettes are expelled. 


FLARE DISPENSERS 
S LIU-25 A/A 

The SUU-25A/A flare dispenser (figure 
1-49) is reusable, externally loaded, and 
capable of dispensing eight flares or 
markers. The dispenser is constructed of 
four metal tubes assembled together and 
enclosed by an outer skin with metal 
bulkheads on each end. Reinforced areas 
on top of the dispenser permit 
sway bracing and forced ejection. Launch 
springs are installed within the forward 
end of each tube. Provisions for two 
electrically activated explosive detents 
are located in the rear of each tube. 

The flares or markers are loaded against 
a launch compression spring and retained 
by an end plug and two explosive detents 
in each tube. Two electrical receptacles 
on top of the dispenser, in line with the 
suspension lugs, are equipped with a 
grounding button to safe the dispenser 
electrical dcultry. The aft grounding 
button is removed to connect the 
dispenser electrical circuitry to the 
aircraft rocket firing circuitry. 

Each time the bomb-rocket button is 
pressed, the explosive detents in one tube 
fire, allowing two flares to be ejected 
out the rear of the dispenser by the 
launch spring. The intervalometer in the 
dispenser steps to the next tube after 
each tube has fired until all tubes have 
fired. Two safety pins at the rear of the 
dispenser must be removed before flight. 

SUU-25C/A 

The SUU-2SC/A flare dispenser (figure 
1-49) is capable of dispensing eight MK- 
24 type flares or flare markers. Single 
flare dispensing is the primary feature; 
i.e,, the dispenser intervalometer causes 
one flare to be dispensed with each 
release pulse. Each of the four tubes has 
two breech assemblies loaded with an 
impulse cartridge. One breech is routed 
to a chamber between the forward and 
aft flares. The aft flare is dispensed first 
by cartridge gases, creating a temporary 
compression chamber between the flares. 
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BLU-52/B and BLU-52A/B Chemical Bombs. 

The BLU-52/B and BLU-52A/B chemical bombs 
(figure 1-68) are tanks filled with an incapacitating 
agent. The bomb body consists of nose, center, and tail 
sections. Reinforced areas along the top of the center 
section provide for suspension, sway bracing, and forced 
ejection from aircraft. The tanks are designed to break 
up on impact, dispersing the chemical agent. The nose 
section is fitted with an aerodynamic fairing and the tail 
section with an MXU-393/B or MXU-469/B fin. The 
BLU-52/B is filled with CS-1 chemical agent and the 
BLU-52A/B is filled with CS-2 chemical agent. Both 
CS-1 and CS-2 are white micropulverized powders which 
are highly irritating to the eyes, skin, and respiratory 
system. 

MXU-393/B and MXU-469/B Fins. 

The MXU-393/B fin is designed to stabilize the bombs 
in flight. The fin is of aluminum construction and 
consists of four fin blades and a square supporting 
structure bolted together. The MXU-469/B fin is 
identical to the MXU-393/B fin except that the 
MXU-469/B is riveted together and the supporting 
structure is round rather than square. 

ROCKETS AND ROCKET LAUNCHERS. 

2.75- INCH FOLDING FIN AIRCRAFT ROCKET 
(FFAR). 

The 2.75-inch FFAR (figure 1-69) is an air-launched 
rocket used to deliver high explosive (FIE), high 
explosive antitank (F1EAT), flechette, and white 
phosphorous (WP) warheads. FFAR’s are effective 
against personnel, tanks, shipping, vehicles, 
fortifications, and other equipment. Warheads are 
selected to best satisfy operational requirements. The 

2.75- inch FFAR also has a plaster loaded inert head for 
target practice. A rocket complete round consists of a 
motor, warhead, and fuze. The 2.75-inch FFAR’s are 
fired from the LAU-3 series and LAU-68 series 
launchers or the SUU-20 series practice bomb and 
rocket dispenser. 

2.75- Inch Rocket Motor. 

The 2.75-inch FFAR uses Mk 4 and Mk 40 rocket 
motors (figure 1-70). The motor tube is made of 


aluminum, weighs 11.4 pounds, and is 39.4 inches long. 
Both motors include the following components: an 
igniter, a propellant grain, a stabilizing rod, and a nozzle 
and fin assembly. 

The rocket is ignited by aircraft electrical power. When 
a firing impulse is applied to the igniter contact disk, 
electric current passes through the igniter circuit, heats 
the squib bridge wire, and ignites the squib. The squib 
then ignites the main igniter charge. The salt covered 
stabilizing rod prevents unstable burning and reduces 
flash and afterburning of the propellant grain. 

Gas pressure resulting from the burning igniter charge 
ruptures the igniter case and burning particles of the 
igniter charge ignite the propellant charge. Burning 
propellant blows or burns away the nozzle seals and fin 
retainer and provides propulsion gasses for the rocket. 
After the rocket leaves the launcher, gas pressure on a 
piston and crosshead in the nozzle and fin assembly 
forces the fins open. The opened fins stabilize the rocket 
in flight. 

The Mk 40 rocket motor uses scarfed nozzles which 
impart a spin to the rocket for additional stabilization 
while in flight. A rocket equipped with the Mk 40 motor 
is designated LOW SPIN FOLDING FIN AIRCRAFT 
ROCKET (LSFFAR). Figure 1-70 depicts a comparison 
between standard nozzles and scarfed nozzles. 


WARNING 


2.75-inch rockets equipped with Mk 40 
rocket motors are authorized for use only in 
the LAU-68 series rocket launchers. Use of 
other rocket launchers may result in serious 
damage or loss of the aircraft due to possible 
fin entanglement resulting from rocket spin. 

2.75-Inch Rocket Warheads. 

Mk 1 Warhead (HE). 

The Mk 1 (HE) warhead (figure 1-71) has a ste 7 case and 
an explosive charge of 1.4 pounds of HBX-1 and uses the 
Mk 176 or Mk 178 fuze. With the Mk 178 fuze installed, 
the warhead is 11 inches long and weighs 6.5 pounds. 
The primary effect of the Mk 1 warhead is blast and 
fragmentation. 
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Figure 1-70 


Ml 51 Warhead. 

The M151 warhead (figure 1-71) has a pearlite malleable 
iron (PMI) case filled with 2.32 pounds of composition 
B4 and uses the M427 fuze. With the M427 fuze 
installed, the warhead is 16.01 inches long and weighs 9.6 
pounds. The primary effect of the M151 warhead is blast 
and fragmentation. 

Mk 5 High Explosive Antitank Warhead (HEAT). 

The Mk 5 warhead (figure 1-71) is similar in external 
configuration to the Mk 1 warhead. The filler is 0.92 
pound of Composition B in the form of a shaped charge. 
A booster pellet is located at the base of the shaped 


charge. With the Mk 181 fuze installed, the warhead is 
11.08 inches long and weighs 6.6 pounds. The warhead 
is intended for use against tanks and armor. 

When the Mk 5 warhead impacts and the fuze functions, 
a shaped charge booster in the fuze projects a shock wave 
through the cone and flash tube of the warhead to the 
warhead booster pellet. The warhead booster pellet 
detonates and ignites the warhead shaped charge, which 
is designed to focus all the energy from the detonation 
into a narrow, high velocity jet. Pressures up to 250,000 
psi are produced on the point of impact. Depth of 
penetration is a function of target density. Since all 
energy is directed forward, there is little appreciable 
lateral blast effect from the Mk 5 warhead. 


1-185 















1-186 


Figure 1-71 
















1.0. 1A-7K-34-1-1 


WDU-4A/A and WDU-1 3/A Warheads (FLECHETTE). 

The WDU-4A/A antipersonnel flechette warhead 
(figure 1-71) weighs 9.1 pounds and contains 5.5 grams 
of explosive. The warhead is 17.25 inches long and 
contains 2,200 twenty-grain flechettes. The warhead has 
a base fuze, ejecting charge, piston, and an aerodynamic 
nose cone, and contains a red dye marker to provide 
visual identification of warhead functioning. 

The WDU-13/A warhead is identical to the 
WDU-4A/A warhead except that the WDU-13/A has 
approximately 720 sixty-grain flechettes. 

The fuze is installed during assembly and is an integral 
part of the warhead. At launch, acceleration forces arm 
the fuze. At 1.6 seconds after launch, an airburst is 
initiated by deceleration forces which allow the 
spring-loaded firing pin to ignite the ejecting charge. The 
ejecting charge generates gas pressure against the pusher 
plate which transmits the pressure through the flechettes 
and to the shear pins on the nose cone. The shear pins 
break, the nose cone is ejected, and the flechettes follow 
the nose cone. The flechettes are packed with alternating 
flechettes pointing fore and aft. Aerodynamic force 
causes the tail-forward flechettes to tumble and 
streamline after ejection. This weather cocking causes 
dispersion. 

Slant range at launch is the critical factor in determining 
slant range at warhead function. Slant range at function 
must be known to determine dispersion and weapon 
effectiveness. Refer to Section II, ROCKET AND GUN 
BALLISTIC TABLES, T.O. 1A-7K-34-1-2 for tables 
used to determine optimum launch conditions. 

Ml56 Rocket Smoke (WP) Warhead. 

The Ml56 (figure 1-71) is a target spotting warhead. The 
external appearance of the Ml56 is identical to that of 
the Ml51 HE warhead. Because of this similarity in 
appearance, markings must be carefully observed and 
maintained. With the M427 fuze installed, the warhead 
is 16.01 inches long, weighs 10.75 pounds and contains 
0.125 pounds of Composition B4 and 2.3 pounds of 
white phosphorus. 

When the warhead impacts and the fuze functions, the 
fuze booster initiates the warhead burster charge. The 
burster charge ruptures the warhead case and scatters 
the phosphorus which ignites spontaneously to provide 
dense smoke. Incendiary effect is minor. 


WTU-1 /B Warhead (Practice). 

The WTU-1 /B practice warhead (inert) is a one-piece 
cast warhead that simulates the ballistic characteristics 
of the M151 warhead. The WTU-1/B is approximately 
15 inches long and weighs 9.4 pounds. It is used for 
practice. 

Mk 61 Warhead (Practice). 

The Mk 61 practice warhead (inert) has a solid iron head 
and simulates the ballistic characteristics of the Mk 1 
warhead. It has the same appearance as the Mk 1 
warhead except that it is painted blue with white 
markings. The Mk 61 is approximately 11 inches long 
and weighs 6.5 pounds. It is used for practice. 


2,75-inch Rocket Fuzes. 

Refer to Section I, Part 7, NONNUCLEAR WEAPONS 
FUZES. 


LAU-3 SERIES ROCKET LAUNCHER. 

The LAU-3 series (figure 1-72) is an expendable 
19-round launcher designed for air-to-air or 
air-to-surface use. The complete launcher consists of the 
center section, nose fairing, tail fairing, and 19 2.75-inch 
FFARs. The center section consists of 19 treated paper 
tubes clustered and bonded together and enclosed in a 
thin aluminum skin. Detent devices within each tube 
restrain the rockets during takeoff and flight and provide 
a ground for the fire signal during rocket launching. 
Spring-loaded fingers on the aft bulkhead provide a 
contact to complete the circuit for rocket launching. Two 
electrical receptacles, wired in parallel, forward and aft 
of the suspension lugs provide connection to the aircraft. 
An electrical shorting pin on the side of the launcher 
provides ground safety during handling and loading. 

The LAU-3C/A launcher is equipped with 7027240-50 
fairing set. The LAU-3D/A launcher is equipped with 
7027240-70 fairing set. These fairing sets constitute the 
only difference between the launchers. The nose fairings 
are constructed of treated fiber and are designed to 
shatter during rocket firing. The tail fairings are 
constructed of metal with an open aft end like a funnel 
to channel rocket debris away from the underside of the 
aircraft wing. 
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The launcher utilizes a selectable, reusable, 
electromechanical intervalometer to route the fire pulse 
to the different rocket tubes. The intervalometer is 
mounted on the launcher aft bulkhead and has a 
SINGLE/RIPPLE switch and a RESET switch. With 
the SINGLE/RIPPLE switch in SINGLE, two tubes are 
fired with each fire pulse received by the launcher. With 
the switch in RIPPLE, all tubes are fired in sequential 
paired order upon receipt of the first fire pulse, with a 
preset interval dependent on the intervalometer installed 
between tubes. Authorized intervalometers are available 
with preset intervals between tubes of 17, 20 and 60 
milliseconds. The RESET switch has a LOAD position 
for ground safety, an ARM position, and positions 1 
through 10 for paired rocket tubes. 

LAU 68A/A AND LAU-68B/A ROCKET 
LAUNCHER. 

The LAU-68A/A and LAU-68B/A (figure 1-73) are 
reusable seven-round launchers designed for air-to-air or 
air-to-surface use. The complete launcher consists of the 
center section, nose fairing, tail fairing, and seven 
2.75-inch FFARs. The center section consists of seven 
metal tubes clustered and bonded together and enclosed 
within a thin aluminum skin. Detent devices within each 
tube restrain the rockets during takeoff and flight and 
provide a ground for the fire signal during rocket 
launching. Spring-loaded fingers on the aft bulkhead 
provide a contact to complete the circuit for rocket 
launching. An electrical shorting pin on the top of the 
launcher provides ground safety during handling and 
loading. 

The LAU-68A/A has a 26-pin electrical receptacle 
forward and a 5-pin electrical receptacle aft. The 
LAU-68B/A has a 5-pin electrical receptacle forward 
and aft. On the A-7K aircraft, only the aft receptacle is 
used. 

The nose fairing is constructed of treated paper and, 
during rocket launching, shatters from rocket impact. 
The tail fairing is constructed of metal and shaped like 
a funnel, with a hole on the aft end. During rocket 
launching, the tail fairing functions to channel rocket 
debris away from the underside of the aircraft wing. 

The launchers utilize a reusable electromechanical 
intervalometer to route the fire pulse to the different 
rocket tubes. A SINGLE/RIPPLE switch and 
intervalometer controls, which must be positioned 


during aircraft loading, are located on the aft end of the 
launcher. With the SINGLE/RIPPLE switch in 
SINGLE, one tube is fired with each fire pulse received 
by the launcher. With the switch in RIPPLE, all tubes 
are fired in sequential order with a 60-millisecond 
interval between tubes. The intervalometer control has a 
LOAD position for ground safety, an ARM position, 
and firing positions 1 through 7. 

DISPENSER TYPE MUNITIONS. 

CBU30/A AND CBU-38 SERIES DISPENSER 
AND BOMB. 

The CBU-30/A and CBU-38 series dispensers are 
comprised of components as follows: 


CBU 

Dispenser 

Bomb 

Use 

CBU-30/A 

SUU-13/A 

BLU-39/B23 

Antipersonnel 

CBU-38/A 

SUU-13 A/A 

BLU-49/B 

Antimaterial 

CBU-38A/A 

SUU-13B/A 

BLU-49A/B 

Antimaterial 

CBU-38B/A 

SUU-13C/A 

BLU-49A/B 

Antimaterial 

CBU-38C/A 

SUU-13C/A 

BLU-49B/B 

Antimaterial 


SUU-13 Series Dispenser. 

The SUU-13/A dispenser (figure 1-74) is an externally 
mounted pod designed to dispense downward various 
types of submunitions. The dispenser consists of a 
strongback enclosed within an aerodynamically shaped 
skin and fairings front and rear. The strongback provides 
for suspension and sway bracing of the dispenser and 
supports the dispenser. An electrical receptacle is located 
on a movable plate on top of the dispenser behind the 
aft suspension lug. For A-7K application, this plate is 
placed in the NAVY position. The dispenser is equipped 
with 40 tube assemblies enclosed within a recessed 
open-bottomed bomb bay. The top of each tube 
assembly has an impulse cartridge breech assembly used 
to eject the submunition loaded into the tube. A 
removable wooden safety pallet is attached to the 
bottom of the dispenser covering the bomb bay during 
ground handling and loading to prevent inadvertent 
releasing of the submunitions. Ground safety is provided 
by the safety pallet and a safety pm which is installed 
through a pin actuated ARM/SAFE switch. 
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to the right wing, FUZE switch positioning is critical if 
the munitions are to be released in the desired armed 
condition. Figure 1-110 depicts the results of FUZE 
switch positioning for each bomb type munition 
currently authorized. 

MISSILE FUZES. 

For information on the operation of AIM-9B, AIM-9E, 
and AIM-91 missile fuzes, refer to (Confidential) T.O. 
1A-7K-34-1-1-1. 

2.75-INCH ROCKET FUZES. 

MK 176 AND MK 178 ROCKET WARHEAD 
FUZES. 

The Mk 176 and Mk 178 point detonating fuzes (figure 
Fill) have cone-shaped steel bodies that enclose an 
arming mechanism, firing mechanism, and an explosive 
train. The explosive train consists of a primer, detonator, 
booster, and, in the Mk 176 only, a 3-millisecond delay. 
In the unarmed condition, the arming mechanism is 
positioned and locked so that the primer, delay element, 
and detonator are out of alignment with the firing pin 
and booster lead-in. The fuze is armed by sustained 
acceleration. Once armed, the fuze remains armed until 
detonation. The Mk 176 and Mk 178 are used with the 
Mk 1 warhead. 

When the rocket is launched, inertial forces resulting 
from acceleration cause the setback weights to move aft 
and free the rotor to turn. Sustained acceleration turns 
and locks the unbalanced rotor in the armed position 
and aligns the explosive train under the firing pin. On 
impact, the firing pin is driven against the primer and the 
exploding primer initiates the explosive train. 

The Mk 178 is the same as the Mk 176 except that the 
delay element between the primer and the detonator has 
been removed and replaced by a flash tube to reduce 
fuze function time. 


M427 ROCKET WARHEAD FUZE. 

M427 fuze (figure 1-111) is a superquick action, 
impact-actuated rocket nose fuze. The fuze assembly 
consists of an inertial arming device, a mechanical firing 
mechanism, and an explosive train consisting of a 
primer, detonator, lead-in, and booster. The primer and 
booster are housed in an unbalanced arming rotor. In the 
unarmed condition, the rotor is locked in position so that 
the primer and detonator are out of line with the firing 
pin and the booster. Fuzing elements are housed in a 
conical aluminum case. The fuze is graze-sensitive with 
superquick action on impact and requires 20g for 
approximately 1 second to arm. M427 fuze is used on the 
Ml51 and Ml56 warheads. 

When the rocket is launched, inertial forces resulting 
from acceleration move a setback weight aft and free the 
arming rotor to turn. Sustained acceleration causes the 
unbalanced arming rotor to turn and lock in the armed 
position. The explosive train is in line and the primer is 
aligned with the firing pin. The firing pin is driven 
against the primer on impact. The primer functions and 
initiates the explosive train. 

MK 181 POINT DETONATING ROCKET 
WARHEAD FUZE. 

The Mk 181 fuze assembly (figure 1-111) consists of an 
arming device, firing mechanism, and a shaped charge 
booster. The fuze contains an impact-sensitive primer 
and does not require a firing pin. Fuze arming is actuated 
by sustained rocket acceleration of approximately 20g. 
The Mk 181 fuze is used with the Mk 5 warhead. 

When the rocket is launched, inertial acceleration forces 
free the rotor to turn. Sustained acceleration forces turn 
and lock the unbalanced rotor in the armed position. The 
explosive train is then in line. On impact, the primer 
functions and initiates the explosive train. The shaped 
charge booster detonates and projects a shock wave 
against a booster pellet at the base of the warhead. The 
booster pellet then ignites the warhead-shaped charge. 
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FUZE SWITCH POSITIONS AND RESULTS 


WEAPON TYPE 

AND 

CONFIGURATION 

SWITCH 

POSITION 

RESULTS 

Mk 20 Roc keye 
with Pilot Option 

Wire Installed 

SAFE 

NOSE 

TAIL 

NOSE/TAIL 

Dud weapons. 

All weapons released armed, primary fuze function time enabled. 

Improper switch setting. Dud weapons. 

All weapons released armed, option fuze function time enabled. 

CBU-24/49/ 

52/58/71 

Dispenser 

Bombs 

SAFE 

NOSE 

TAIL 

NOSE/TAIL 

Dud weapons. 

Improper switch setting. MER/TER and left wing MAU-12 weapons armed. 

Right wing MAU-12 weapons dud. 

Improper switch setting. MER/TER and left wing MAU-12 weapons dud. 

Right wing MAU-12 weapons armed. 

All weapons released armed. 

BDU-33 Practice 

Bombs on MER/TER 

N/A 

FUZE switch used only to enable release. Any position other than SAFE. 

BLU-52 Chemical 

Bombs 

N/A 

FUZE switch not used as weapons contain no fuzes. 
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Figure 1-110 (Sheet 2) 


WDU-4A/A AND WDU-13/A FUZE. 

The fuze used in the WDU-4A/A and WDU-13/A 
(figure 1-111) is an integral part of the warhead. 

The fuzing element consists of an acceleration-actuated 
arming mechanism, a deceleration-actuated 
spring-loaded firing mechanism, a percussion primer, 
and an explosive charge. The primer is housed in an 
unbalanced arming rotor. In the unarmed condition, the 
rotor is locked in a position so that the primer is out of 
alignment with the firing mechanism and explosive 


charge. A pusher plate is installed between the explosive 
charge and the payload. 

When the rocket is fired, inertial acceleration forces free 
the fuze arming rotor. The unbalanced rotor turns to the 
armed position and is locked in place. The primer is in 
line with the firing mechanism, and the fuzing 
mechanism is armed. At deceleration through llg the 
firing pin strikes the primer. The primer initiates the 
explosive charge behind the pusher plate of the warhead. 
Pressure resulting from the exploding charge shears the 
warhead nose retaining pins and the flechettes are 
expelled. 
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2.75-INCN ROCKfr FUZES 



DETONATOR DELAY 



ROTOR 



MK 176 FUZE 
(Point Detonating) 


MK 181 FUZE 
(Point Detonating) 


RO+0r 


SETBACK 

WEIGHT 


ROCKET NOSE 


DETONATOR 


TIMING GEAR 



LOCKING 

BALL 


HOLDING 


SETBACK 


FUZE 

ASSY" 


FIRING 

PIN 


PRIMER 


biililVIHifS? 

inHli 

VBm 

lipEK 

mmm 

1 

sl 

£JImS 

m 

I 


SPRING 


BOOSTER CUP 


FLASH TUBE 


I 


MK 178 FUZE 
(Point Detonating) 


DETONATOR ROTOR 


BOOSTER 



PIN' NG / DETONATOR j 

ROTOR AND M9 EJECTION' 

HOUSING ASSY CHARGE f 

PUSHER 

PLATE 

WDU-4A/A AND WDU-13/A 
FUZING ELEMENT 
(Inertia Detonating) 


M427 FUZE 
(Point or Gram 
Detonating) 
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EXTERNAL STORES LIMITATIONS 


NOTES 


General 


A. LBA~Limits of the basic OV-IOD aircraft without External Stores or Racks 


B. Mixed loadings of listed stores are authorized subject to the 

following constraints: 

1. Carriage limitations for the most restrictive store carried; 
release and jettison limitations for the individual store apply. 

2. Stores may be carried only on stations for which they are spe¬ 
cifically authorized in the external stores limitations table. 

3. Adjacent sponson stations shall not be loaded when carrying 
the A/A37B-3 PMBR. 

4. Adjacent sponson stations are limited to stores with a 
diameter of not more than fourteen inches when carrying the 
MK-77 fire bomb. 

5. Sponson stations 2 and 4 are limited to stores with a diameter of 
not more than 12 inches when carrying the Aero-IC or FPU-3/A 
fuel tank. 


Specific 


1. Installation and carriage of Aero 1C or FPU-3/A external fuel tank 
requires the Aero 1A adapter with the Aero 65A rack. 

2. MK-81 Snakeye finned bombs may be released, retarded or unretarded. 


OV-10D-1-47B 

Figure 1-31 (Sheet 9) 
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3. Use wet sand fill only. 

4. Multiple weapon carriage employs the A/A37B-3 PMBR attached to the 
Aero 65A rack. 

5. Tail fairings should be installed on all rocket launchers. 

6. 2.75 inch rockets with MK-40 motors (scarfed) may be launched only 
from seven round launchers or half loaded 19 round launchers 
(tubes number 1A, 2B, 3B, 4A, 5B, 6A, 7B, 9A, 10). M423 point 
detonating fuzes are not authorized. 

7. Forward flare in each tube may hang up in dispenser during flare 
dispensing at normal accelerations above +1.0 "g." Drogue trays 
fail to reliably arm flares, when dispensing occurs below 150 KIAS. 

8. Clearance for flight on the OV-IOD wing pylons has not been released 
by NAVAIR. 

9. For MK24 parachute flare installation, refer to AAB 347 and AAC 494. 

10. 2.75 in. FFAR with M-229 or WDU-4A/A warhead is cleared for carriage/ 
launch from LAU-61/A, LAU-68/A and LAU-69/A. Pullup should be 
made immediately after firing 2.75 in. FFAR with WDU-4A/A warheads 
to preclude flying through flechettes. 

11. For carriage of 4 or more CBU-55, one or more of the fins must 
be folded to prevent physical interference. The fin(s) to be 
folded is (are) designated as upper or lower, left or right as 
seen when looking from the tail to the nose of the store. 

12. Not cleared for firing from stations 1, 2, 4, and 5. 

13. Ripple firing is limited to single aircraft station with the exception of: 

LAU-61/A or LAU-69/A: Any two adjacent stations. 

LAU-61A/A or LAU-68B/A: Up to four aircraft stations. 


0 V- 10D-1-48E 

Figure 1-31 (Sheet 10) 
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STORE NOMENCLATURE 


Basic Generic Store Types 
AGM-65 Maverick Missile 


AIM-9 Sidewinder Missile 
AIS Pod 

ALE-40 Dispenser 


BLU-52 
ECM Pods 


GBU-10 




| GBU-12 

LAU GH Rocket Launcher 


LAU-131 Rocket Launcher 


MK-20 Cluster 
MK-3G Destructor 
MK-82 LDGP 
MK-82 SNAKE YE (SE) 
MK-82 AIR (BSU-49/B) 
MK-84 LDGP 
Pod, Cargo 
Practice Bomb Series 


Authorized Nomenclature Series 

AGM-65A.B.D, and AA 37A-T1 Training Guided Missile 
(TGM-65) 

AIM-9 Series, All AIM-9 Training Missiles 
ALL 

RR-170 A/AL Chaff Cartridges and M-206 Flare Cartridges 
BLU-52/B, A/B 

AWAfcQ-L8tiTe yminal ' l ' hreat Version), AN/AL Q- -119(V HU 
-13r- 10, -17, QftC-80-01/V3, V4 

GBU-10/B, A/B, B/B, C/B, D/B, E/B 

GBU-12/B, A/B, B/B, C/B, D/B (BDU-50A/B, W/LGB Kits) 

LAU-68A/A, B/A, with 2.75 FFAR w/MK-4 or MK-40 Motors 
and MK-1, MK-5, M151, M156, WDU-4A/A or WDU-13/A 
Warheads or MK-61, WTU-l/B Practice Warheads 

LAU-131/A with FFAR w/MK40 and MK66 Motors and 
MKl(HE), MK5(HEAT). MK151(PMI), MK156(WP), WDU- 
4A/A and -13A(FLECHETTE), MK61(TP), WTLL-1/B(TP), 
and MK67(RED PHOSPHOROUS) WARHEADS. 

MK-20 MOD 3, MOD 4 

MK-36 MOD 1, MOD 2, MOD 3 

None 

None 

None 

None 

MXU-648/A; (5G) MXU-648/A 

BDU-33A/B, B/B, D/B (BDU-33/B is compatible onlv w/ 
SUU-20) BDU-50/B; A/B; MK82 Series. 


Figure 5-9 (Sheet. 1 of 2) 
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BOMB ATTACK 



The discussion does not consider specific munitions, but 
simply describes delivery' maneuvers available to the 
A-10A aircraft. Several factors must be considered when 
determining release parameters for bombing: 

1. Altitude loss during pull out 

2. Minimum aircraft ground clearance 

3. Fragment envelope clearance 

4. Fuze arming time 

5. Target elevation 

The altitude displayed on the HUD is corrected for altime¬ 
ter lag, installation error, and nonstandard air temperatures. 
Immediately following bomb release an escape maneuver 
is initiated. 

The selected weapon is displayed in the lower left comer 
of the HUD, just above target elevation. The pilot can 
toggle between preselected weapons for a given mission. 
Weapons with CCIP available are as follows: 


BDU-33B/B, D/B 
MK-82 LDGP 

MK-82 AIR (High and Low Drag) 

MK-84 LDGP 

CBU-87 

CBU-89 



CBU-97/B (LASTE V6.0 1136 1 only) 

BLU-52/B, A/B 

M151/156 WTU-IB with MK 4/40 or MK 66 motor 


MK1/5/61 with MK 4/40 or MK 66 motor 


WDU-4A with MK 4/40 motor 


LUU-1/-5/-6 (CCRP only) (LASTE V6.0 Il3fi 

A 

LUU-2 (CCRP only) (LASTE V6.0 Il3fil only) 


only) 


The ballistic models for all the above weapons, except 
LUUs, have been validated against the Combat Weapon 
Delivery Software (CWDS). LUU flares are validated 
against T.CX 1 A- 10A-34-1-1 since CWDS does not support 
LUUs. 


NOTE 

The MK 66 motor/WDU-4A warhead combination 
is invalid because a ballistics model is not avail¬ 
able from AJFSEO and verification is not sup¬ 
ported by CWDS. 


For HUD alignment, ±15 mil maintenance boresight ad¬ 
justments are provided to align all dynamic symbols on the 
HUD. In addition, gun and bomb boresights are provided 
to align applicable symbology. The gun boresight aligns 
the A/G gunsight, the A/A gunsight, FEDS, and B ATA. 

The bomb boresight aligns the bomb reticles, PBIL, MRC, 
DRC (and for LASTE V6.0 only: PBRL, Release Cue, 
ASL, and Relative Bearing Numeric). A ±15 mil offset 
adjustment for specific bombs is also provided. These off¬ 
sets, a RT offset adjust (horizontal offset) and an UP offset 
adjust (vertical offset), are used for vertical and horizontal 
offset adjustments. These offset adjustments are made in 
the appropriate submenu provided for each weapon. The 
OFFSET ADJ option in these menus must be set at Y in 
order to change the values. With the OFFSET ADJ option 
set on N, the offsets can not be changed. Figures 1-7 


(LASTE V4.0) and 1-8 (LASTE V6.G 11361 ) show which 


symbols are affected by the different boresight and offset 
adjustments. 


Ejection velocity and rack delay adjustments are available 
for all free fall bombs in the appropriate weapon submenu 
These adjustments are added to nominal values (Fig¬ 
ure 1-9) used in the CCIP and CCRP (LASTE V6.0 


136 lonly) computations. Individual weapon adjustments 


should be set to fleet-wide standards as determined by op¬ 
erational testing of weapon delivery. 
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Weapon 

Invalid Fuze Conditions 

BDU-33 B/B - D/B 

Mechanical fuzing selector on the ACP set to 

MK 82 LDGP 

BLU-52 

: SAFE. 

MK 82 AIR HD 

Mechanical fuzing selector on the ACP set to 

’ MK-82 AIR LD 

SAFE. 

Nose fuzing on a fixed high drag bomb. 

Tail FMU-139 fuzing on a bomb which is not 
fixed high drag. 

CBU-87 

Mechanical fuzing selector on the ACP set to 

CBU-89 

SAFE. 

CBU-97 

Tail fuzing. 

LUU-1/-5/-6 

Mechanical fuzing selector on the ACP not set 

LUU-2 

M151 /M156/WTU-1/B 

MK 1 / MK 5 / MK 61 

to SAFE. 

WDU-4A/A 

1A-1OA-34-1-1S-B-9 


Figure 1-13. Invalid Fuze Conditions. 


EXPAND Mode CCIP (LASTE V4.0) 

EXPAND Mode CCIP is designed for delivering ordnance 
on targets outside the HUD field of view. For CCIP EX¬ 
PAND Mode (options Normal, A and B) T a target can be 
designated by the pilot with either the depressible pipper or 
the IR Maverick. This is accomplished by either manually 
Hying the depressible pipper or slaving the IR Maverick 
seeker head to the desired target and depressing the Nose 
Wheel Steering (NWS) button (refer to the Nose Wheel 
Steering button interface section in Part 2 for button logic). 

NOTE 

I * When using an accurate altitude source, the 
accuracy of the TDC will increase as dive 
aneles increase and slant ranges decrease. 

* TDC placement accuracy is maximized when 
target designations are accomplished in a non- 
maneuvering state with the target near the 
TVV. The Maverick is not required to be 
locked on the target, although a lock-on nor¬ 
mally would provide a more accurate designa¬ 
tion. As long as it is called up on the TVM, 
uncaged, and the symbol is displayed on the 
HUD, a target can be designated. 

The depressible pipper will then be deselected and a 
LASTE designated target will be represented on the HUD 
as a target designation cue (TDC), which is a 5-mil box 
with a pipper in the center. The TDC ranging is based on 
the ALTITUDE source selected on the OSP and will track 
the point on the ground within the accuracy of the initial 
I designation and INS drift and altitude source accuracy. 

In the manual designation mode (with depressible pipper), 
the second depression of the NWS button compresses the 
HUD field of view, in both the vertical and horizontal axes 


by a factor of 1.7, where the TISL diamond, TDC, CCER 
and PBIL including the MRS and DRC will be com¬ 
pressed. The third depression of the NWS button will 
compress the HUD field of view by a factor of 3.0, A 
fourth depression of the NWS button deselects the TDC, 
reselects the depressible pipper, and returns the compres¬ 
sion factor to L0. The compression factor is displayed in 
the lower left comer of the HUD, Hie gun cross, TW, 
depressible pipper, and pitch ladder will not be compressed 
or affected by the compression factor, except for Options C 
and HARS, where the depressible pipper will be com¬ 
pressed by a fixed factor of 3.0. The target designation 
box will not be displayed when a TDC has been selected. 
For steering to the selected steer point the tadpole is still 
available. 

When using the Maverick, subsequent depressions of the 
NWS button will only release and redesignate the target. 
The compression factor is always 1.0 when the Maverick is 
called up. If the Maverick is deselected after designating, 
the TDC will be retained and the manual mode entered at 
1.0 compression factor. When the Maverick is called up on 
the Television Monitor, the CCIP Bomb Reticle, PBIL, 
MRC/MRS, and DRC will not be displayed. 

Flying the CCIP along the PBIL to the TDC will place the 
aircraft in the proper position to release the selected weap¬ 
on. When compression factors greater than 1.0 are se¬ 
lected, the TDC, TISL Diamond, CCIP and PBIL, includ¬ 
ing the MRS and DRC, will function as in WD-2(V4.0), 
(CCIP V6.0) mode relative to each other but may not over¬ 
lay their ground related positions when viewed through the 
HUD. 
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expanded mode. Maneuvering deliveries are inherently 
less accurate than non-maneuvering deliveries and are usu- 
I ally performed with ripple releases. Maneuvering deliver- 

I ies can significantly change the weapons effects because 

I I the intervalometer setting/impact spacing numbers are 
I planned for certain G-loading conditions. 

I NOTE (V6.0 Only) 

The PBIL may not track the MRS and DRC dur¬ 


ing banked maneuvers because it is a linear pre¬ 
diction of the Locus of Future Impact Points 
(LFIP), which is a curved path. The MRS and 

DRC are implemented as two [Joints alono the 
LFIP. 



Figure 1-19. Level Delivery. 


I Loft Deliveries (CCRP) (LASTE V6.0 liafil ) 

I Loft deliveries can be made using a CCRP solution. The 
I deliveries may be from a banked or wings-level attitude. 

I Placing the PERL on the CAP and maintaining bank and 
I G-foad results in the CAP moving smoothly down the 
I PERL. Pulling back on the stick when the release angle 

■ numeric appears will move the CAP quickly down the 
| PERL to the pippen 

ROCKET ATTACKS 

■ Three submenus are provided for rockets, RKTfr RKT2, 

I and RKT3 are located in Weapon Submenu (V4.0) and ’ 

I ^^T Submenu (V6.0). In these menus, the motor/warhead 
I combination and the station number are entered for each 
I rocket. Offset adjustments for each rocket can also be set 
| in the rocket submenus. Only valid combinations of mo¬ 


tors and warheads can be entered, invalid combinations 
will not be accepted by the rocket submenus. 

NOTE 

The MK 66 motor/WDLMA/A warhead combina¬ 
tion is invalid. A verified ballistics model for this 
combination is not available. 

The following are the valid motor and warhead combina¬ 
tions accepted: 

motor warheads 

MK 4/40 M151/156/WTU-1/B 

MK 1/5/61 
WDU-4A/A 

MK 66 M151/156/WTU-1/B 

MK 1/5/6] 
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CCIP Rocket Attack (V6.0) 

The symbology is the same as that for CCIP bomb except 
RKT appears at the bottom of the display, and there are 
no PBEL, DRC, MRS, MRC symbols. A lofted solution 
(Figure 1-20) tor CCIP rockets is provided, similar to the 
gun positive pitch solution in WD-I mode. It is mathemat¬ 
ically possible for a rocket to cross the target altitude twice 
when lofted: once when the rocket is climbing, and again 
when it is descending. For CCIP rockets, LASTE solves 
for the second occurrence; when the rocket is descending. 
The CCIP is available for 2.75 inch rockets with MK-66 
(WAFAR) and MK-40 (FFAR) motors and the following 
warheads: 


MK-1 

MK-5 

MK-61 

M151 

M257 

M274 


Ml 56 

WDU-4A/A 

WDU-13/A 

WTLM/B 

XM278 


NOTE 


An MRC is displayed in the reticle for die 
WDU-4A7A warhead indicating desired release 


range. (LASTE V6.0 


.126j only) 


CCRP Rocket Attack {LASTE V6.0) 

CCRP rocket symbology includes the CCRP reticle, Re¬ 
lease Cue, Release Angle Numeric, ASL, and PERL. Re¬ 
fer to CCRP Bomb Attack for a description of the Release 
Cue, Release Angle Numeric, PBRL and ASL. 


CCRP Reticle (LASTE V6.0 Il3fil ) 


The CCRP reticle used for rockets is similar to that de¬ 
scribed in CCRP Bomb Attack, except “RKT’ is displayed 
below the reticle. Also, with slant range greater than 
12,000 feet but less than the maximum range for the rock¬ 
et, the range bar is clamped at 12 o'clock and a two-digit 
range numeric is displayed below the reticle. For a wings 
level delivery' the PBRL, ASL, and CCRP reticle pipper 
must be coincident. 


Attack Profiles 
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Figure 1-20. CCIP Lofted Rocket Solution. 


Rockets (Figure 1-21) may be delivered from a variety of 
dive/climb angles. Lofted deliveries for rockets are pos- 


MU1C using a LtKT solution (LASTE 


* u.wy I_i i 


-*■ ■■ m 


most important delivery parameter for rockets is slant 
range to the target. The rocket CCIP display only gives 
range out to 12,000 feet slant range. However, the solution 
is valid out to 20,000 feet slant range and is valid any 
time the CCIP is present. It is also important that the air¬ 
craft be at the proper G for release. 
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Figure 1-21 . Surface Attack - Rockets. 
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Rocket Submenu (LASTE V6.0 Bsfil) 


RKT 

> RKT1 
RKT2 
RKT3 
EXIT 


DISPLAY 

FUNCTION 

RKT1 

Used to enter RKT1 menu* 

RKT2 

Used to enter RKT2 menu. 

RKT3 

Used to enter RKT3 menu. 

EXIT 

Exit submenu. 


Figure 1-41. Individual Weapon Submenus (Sheet 15 of 17). 
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Rockets - 2.75 FFAR Data Menus (LASTE V4.0) 


RKTI 

> WARHEAD 

WDU4A 

RKT2 

> WARHEAD 

1 

M151/156AVTU1B 

RKT3 

> WARHEAD 

MK1/5/61 

MOTOR 

MK4/40 

MOTOR 

MK66 

MOTOR 

MK4/40 , 

STA NO 

8 

STA NO 

8 

STA NO 

3 

DES TOF 
OFFSET ADJ 

4.0 : 

N 

OFFSET ADJ 

N 

OFFSET ADJ 

N 

RT OFFSET 

0 

RT OFFSET 

0 

RT OFFSET 

0 

UP OFFSET 

o ; 

UP OFFSET 

0 

UP OFFSET 

0 

STORE 

CANCEL 


STORE 

CANCEL 


STORE 

CANCEL 



Rockets - 2.75 FFAR Data Menus (LASTE V6.0) 


' RKTI 


RKT2 


RKT3 


> WARHEAD 

WDU4A 

> WARHEAD 

M151/156/WTU1B 

> WARHEAD 

MK 1/5/61 

MOTOR 

MK4/40 

MOTOR 

MK66 

MOTOR 

MK4/40 

STA NOS 

DES TOF 

4.0 

STA NO 

8 

STA NO 

3 

OFFSET ADI 

N 

OFFSET ADJ 

N 

OFFSET ADJ 

N 

RT 

0 

RT 

0 

RT 

0 

; UP 

STORE 

CANCEL 

0 

UP 

STORE 

CANCEL 

0 

UP 

STORE 

CANCEL 

0 


NOTES 

The same menu exists for RIOT, RKT2, and RKT3 


The pilot must ensure that the rocket submenus (RKTI, 2, and 3) selected in 
the HUD correspond to the desired rocket configuration. 

The DES TOF entry will be selectable only for a type WDU-4A warhead. 
Otherwise, the line will be blank, and scrolling will skip over the entry. 

Station number does not affect CCIP/CCRP computations. 


DISPLAY 

OPTIONS 

[ FUNCTION 

WARHEAD 

M151/156/WTU1B, 

MK 1/5/61, WDU-4A 

Used to enter rocket warhead designation. 

MOTOR 

MK 4/40, MK 66 

Used to enter rocket motor designation. 

STA NO 

2, 3,4, 8.9, 10 

1 Confirms correct CCIP/CCRP selection if different rocket 
mo tors/warheads are loaded on different stations. 

DES TOF 

(for WDU-4A only) 

Variable from 0.0 to 99.9 
seconds. 

Used to enter desired time of fall which affects the 

Desired Range Cue. 

OFFSET ADJ 

YorN 

Allows adjustment of offset. L 

RT OFFSET 

Variable from -15 to 15 
mils. 

Adjusts the position of the CCIP/CCRP and related symbolo¬ 
gy horizontally. 

UP OFFSET 

Variable from -15 to 15 
mils. 

Adjusts the position of the CCIP/CCRP and related symbolo¬ 
gy vertically. 

[ STORE j 


Store data and preselect weapon. 

CANCEL 


Deselect the weapon. 


Figure 1-41. Individual Weapon Submenus (Sheet 16 of 17). 
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NOTE 

LASTE V6.0 will only allow valid combinations of motors and warheads to be 
selected: 

MOTOR WARHEAD S 

MK 4/40 M151/156AVTU-1B 

MK1/5/61, WDU-4A/A 

MK 66 M151/156/WTU-1B 

MK 1/5/61 

Whenever the MK 4/40 motors and the WDU-4A warhead (valid combination) 
are selected, the motor cannot be changed until another warhead is selected. 
This prevents invalid combinations from being selected. 


30MM Data Menu V6.0 

30MM 

> AMMO TYPE 
AMMO MFG 
o RECOIL RESET 
STORE 


HEI 

OLIN 

Y 


30MM Data Menu V4.0 

30MM 

> AMMO TYPE 
AMMO MFG 
o RECOIL RESET 
STORE 


HEI 

OLIN 

Y 


DISPLAY 

ammo type 


■ AMMO MFG 
RECOIL RESET 


NOTE 

The presence of a small “o” to the left of the RECOIL RESET line indicates the 
use of the nominal recoil value. The small “o” will remain until the recoil 
correction is updated by Precision Attitude Control (PAC), i.e, after a pass long 

er than two seconds. 


OPTIONS 

HEI (high explosive in¬ 
cendiary)? TP (target 
practice) and CM (com¬ 
bat mix) 

OLIN, ALLT, AVE 
Y or N 


FUNCTION 

Used to enter ammunition type. 


STORE 


Used to enter ammunition manufacturer. 
Used to reset correction to the nominal value. 
Store data. 


Figure 1-41 . Individual Weapon Submenus (Sheet 17 of 17). 
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Refer to Figure 6-1 (Sheet 2). 

mgiire 6-6. SAFE ESCAPE, 2.75 FFAR (MK-l, MK-40), CLM (Sheet J of 18) 
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| Refer to Figure 6—1 (Sheet 2). 

r Figure 6-6. SAFE ESCAPE, 2.75 WAFAR (MK~1, MK-66), CLM (Sheet 2 of 18) 
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Figure 6-6. SAFE ESCAPE, 2.75 FFAR (MK-1, MK-40 Motors), TRN (Sheet 3 of 18) 
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Refer to Figure 6—1 (Sheet 3). 

Figure 6-6. SAFE ESCAPE, 2.75 WAFAR (MK-1, MK-66), TRN (Sheet 4 of 18) 
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| Refer to Figure 6—1 (Sheet 4). 

| Figure 6-6. SAFE ESCAPE , 2 .75 FFAR (MK-1, MK-40), TRN (LT) (Sheet 5 of 18) 
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! Refer to Figure 6—1 (Sheet 4). 


Figure 6-6. SAFE ESCAPE, 2.75 WAFAR (MK-1, MK-66) y TRN (LT) (Sheet 6 of 18) 
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Refer to Figure 6—1 (Sheet 2). 

■ Figure 6-6. SAFE ESCAPE , 2.75 FFAR (MK~5 7 MK-40), CLM (Sheet 7 of 18) 
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Refer to Figure 6—1 (Sheet 2). 

Figure 6-6 . SAFE ESCAPE, 2.75 WAFAR (MK-5, MK-66), CUM (Sheet S of 18) 
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| Refer to Figure 6—1 (Sheet 3). 

| Figure 6-6. SAFE ESCAPE, 2.75 FFAR (.MK-5 , MK-40), TRN (Sheet 9 of 18) 
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> Refer to Figure 6—1 (Sheet 3). 

Figure 6-6. SAFE ESCAPE, 2.75 WAFAR (MK-5, MK-66), TRN (Sheet 10 of 18) | 
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Refer to Figure 6—1 (Sheet 4). 

Figure 6-6. SAFE ESCAPE, 2.75 FFAR (MK-5, MK-^t0), TRN (LT) (Sheet 11 of 18) 
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620 

1.56 

1350 


| Refer to Figure 6-1 (Sheet 4). 

Figure 6-6. SAFE ESCAPE , 2.75 WAFAR (MK-5, MK-66), TRN (LT) (Sheet 12 of 18) 
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TO. 1A-1OA-34-1 -1 






2.75 IN. FFAR W/MK-151 WARHEAD AND MK-40 MOTOR 






DIVE RELEASE 







4.0G Climbing Maneuver 




RELEASE 

SAFE ESCAPE , 



TDA - SEA LEVEL 

TDA - 5000 FEET 



ALT LOSS 

TIME 

MINIMUM 

ALT LOSS 

TIME 

MINIMUM 

DIVE 

TAS 

DURING 

OF 

RELEASE 

DURING 

OF 

RELEASE 

ANGLE 


PULLOUT ' 

FALL 

ALTITUDE 

PULLOUT 

FALL 

ALTITUDE 

DEG 1 

KNOTS 

FEET 

SECONDS 

FEET 

FEET 

SECONDS 

FEET 

0 

300 


1.65 

SO 


1.70 

so 


350 


1.73 

90 


1.76 

90 


400 


1.75 

90 


1.77 

90 

5 

300 

70 

1.59 

270 

70 

1.63 : 

280 


350 

SO 

L64 

300 

80 

: L7i 

320 


400 

90 

1.71 

330 

90 

1.77 

350 

10 

300 

160 

1.60 

470 

160 

1.62 

480 


350 

190 

1.65 

520 

1 190 

1.68 

540 


400 

230 

1.73 ' 

580 

230 

1.76 

600 

15 

300 

270 

1,59 

660 

270 

1.62 

680 


350 

340 

! 1.64 

730 

340 

1.69 

770 


400 

410 

1,71 

810 

410 

1.76 1 

850 

20 

300 

410 

1.58 

840 

410 

1.62 

880 


350 

510 

1.65 

940 

510 

1.68 

980 


400 

630 

1.71 

1040 

630 

1.74 

1080 

' 30 

300 

760 

1.59 

1200 

760 

1.63 

1260 


350 

960 

1.64 

1330 

i 960 

1.69 

1400 


400 

1170 

L71 

1470 

j 1180 

1.75 

1540 

45 

300 


1.59 

1670 

1460 

1.63 

1760 


350 

1850 

1.65 

1860 

1860 

1.69 

1960 


400 

2270 

1.8 

2200 

! 2290 

1.80 

2230 


| Refer to Figure 6-1 (Sheet 2). 

■ Figure 6-6. SAFE ESCAPE, 2.75 FFAR (MK-151, MK-40), CLM (Sheet 13 of 18) 
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TO. 1A-10A-34-1-1 


2.75 IN. WAFAR W/MK-151 WARHEAD AND MK-66 MOTOR 

DIVE RELEASE 
4.0G Climbing Maneuver 


RELf 

;ASE 

SAFE ESCAPE 



1 1 

DA - SEA LEVEL 


TDA - 5000 FEET 

DIVE 

TAS 

ALT LOSS 

TIME 

MINIMUM 

ALT LOSS 

TIME 

MINIMUM , 

ANGLE 


DURING 

| OF 

RELEASE 

DURING 

OF 

RELEASE 



PULLOUT 

FALL 

ALTITUDE 

PULLOUT 

FALL 

ALTITUDE 

DEG 

KNOTS 

FEET 

SECONDS 

FEET 

FEET 

SECONDS 

FEET 

0 

300 


L36 

1 60 


1.41 

60 


350 


1.47 

: 70 


1.50 

70 


400 


L50 

70 


1.53 

70 

5 

300 

70 

132 

260 

1 70 

1.36 

270 ! 


350 

80 

138 

290 

80 

1.41 

300 


400 

90 

1.46 

320 

1 90 

1.48 

1 330 

10 

300 

160 

L31 

1 460 

160 

135 | 

480 


350 

190 

137 

510 

190 

1.42 

540 


400 

230 ; 

1.45 

570 1 

230 

1.49 

600 

15 

300 

270 

131 

660 


133 

6S0 



340 

136 

730 

340 

1.4] | 

770 


400 

410 

1.43 

1 

810 

410 

1.49 

860 

20 

300 

410 

1 130 

850 

410 

134 

890 


350 

510 

136 

! 940 

510 

1.41 

1000 


400 , 

630 

1.43 ; 

1050 

630 

i .48 

, 

1110 

30 

300 

760 

130 

1210 

760 

1.34 

1280 


350 

960 

136 

1340 

960 

1.40 

1430 


400 

1170 

1.42 

1500 

1180 

L47 

1580 

45 

300 

1450 

130 

1680 

1460 

1.34 

1780 


350 

1850 

1.35 

1870 

1860 

L40 

1990 


400 

2270 

1.50 

2250 

2290 

1.50 

2270 


; Refer to Figure 6—1 (Sheet 2). 

Figure 6-6, SAFE ESCAPE, 2.75 WAFAR (MK-151, MK-66), CLM (Sheet 14 of 18) | 
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T.0.1A-1OA-34-1 -1 


2.75 IN. FFAR W/MK-I51 WARHEAD AND MK-^tO MOTOR 

DIVE RELEASE 


4.0G Turning Maneuver 


RELEASE 


SAFEESCAPE 




TDA - SEA LEVEL 

TDA - 5000 FEET 

DIVE 

TAS 

TIME 

MINIMUM 

TIME 

MINIMUM 

ANGLE 

OF 

FALL 

RELEASE 

ALTITUDE 

OF 

FALL 

RELEASE 

ALTITUDE 

DEG 

KNOTS 

SECONDS 

FEET 

SECONDS 

FEET 

0 

300 j 

1*65 

80 

1.70 

80 


350 

1.73 

90 

J ,76 

90 


400 

1.84 

: 100 

: 1.87 

1 100 

5 

300 

I.6S 

300 

1.72 

310 


350 

1.77 

340 

1.80 

350 


400 

LS8 

380 

1.90 

390 

10 

300 

1*66 

500 i 

L67 . 

510 


350 

1.75 

570 

1.78 

590 


400 | 

L87 

650 

1*89 

670 

15 

300 

1.65 

700 

1*66 

710 


350 

1.76 

810 

1.79 

840 


400 

I *87 

920 

1.90 

950 

20 

300 

1.65 

900 

1.66 

920 


350 

1 1.76 

1040 

L78 

1070 


400 

l.SS 

1190 | 

1.91 

1230 


| Refer to Figure 6-1 (Sheet 3)* 

| Figure 6-6. SAFE ESCAPE, 2.75 FFAR (MK-151, MK-40), TRN (Sheet 15 of 18) 
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T.O. 1A-10A-34-1-1 


2.75 IN. 

WAFAR W/M K-151 WARHEAD AND MK-66 MOTOR ] 

DIVE RELEASE 

4.0G Turning Maneuver 

RELl 

BASE 

SAFE ESCAPE 



TDA — SI 

iA LEVEL 

TDA - 5000 FEET 

, DIVE 

j TAS 

TIME 

MINIMUM 

TIME 

MINIMUM 

1 ANGLE 


OF 

RELEASE 

OF 

RELEASE . 



FALL 

ALTITUDE 

FALL 

ALTITUDE 

DEG 

KNOTS 

SECONDS 

FEET 

SECONDS 

FEET 

0 

300 

136 

60 

1.41 

60 


350 

1*47 

70 

1.50 

70 


400 

1.51 

70 

' 1.54 

70 

5 

300 

' 1.41 

1 290 

1.45 

300 


350 

1*51 

330 

1.54 

340 


400 

1.5S 

1 360 

1*64 

380 

10 

300 

136 

490 

138 

500 


350 

1.47 

470 

1.51 

590 


400 

1.55 

630 

1.60 

660 

15 

300 

136 

700 

1.38 1 

720 


350 

1.46 

810 

L50 

840 


400 

1.56 

910 

1.60 

950 

20 

300 

1.36 

910 

1.39 

940 ' 


350 

3.45 

1040 

1.49 

1090 


400 | 

1.57 

1190 

1.59 

1230 


I Refer to Figure 6-1 (Sheet 3). 

TFigure 6-6. SAFE ESCAPE, 2.75 WAFAR (MK-151, MK-66), TRN (Sheet 16 of 18) 


6-29 



T.O. 1A-1OA-34-1-1 


2.75 IN. FFAR W/MK-151 WARHEAD AND MK-40 MOTOR 

DIVE RELEASE 

4.0G Turning Maneuver (Level Turn) 


RELEASE 


DIVE 

ANGLE 


SAFE ESCAPE 


TAS 


TDA - SEA LEVEL 


ALT LOSS 

DURING 

PULLOUT 


TIME 

OF 

FALL 


MINIMUM 

RELEASE 

ALTITUDE 


ALT LOSS 
DURING 
PULLOUT 


DEG 


KNOTS 


FEET 


SECONDS 


FEET 


FEET 


0 


300 

350 

400 


L65 

L73 

1.84 


80 

90 

100 


300 

350 

400 


70 

SO 

100 


L78 

1.94 

2.08 


330 

390 

440 


70 

90 

100 


10 


300 

350 

400 


160 

200 

240 


1.82 

1.95 

2.05 


580 

670 

740 


160 

200 

240 


15 


300 

350 

400 


280 

340 

410 


1.76 

1.83 

1.88 


7 SO 
860 
930 


20 


300 

350 

400 


410 

510 

620 


1.67 

1.73 

1.81 


920 

1020 

1130 


280 

340 

410 


410 

510 

620 


TDA - 5000 FEET 


TIME 

OF 

FALL 


SECONDS 


1.70 

1.76 

L87 


1.S2 

1.97 

2.13 


1.83 

L98 

2.09 


1.80 
L89 
1.95 


L72 

1.78 

1.86 


MINIMUM 

RELEASE 

ALTITUDE 


FEET 


80 

90 

100 


340 

400 

460 


590 

690 

770 


810 

910 

990 


970 

1070 

1190 


! Refer to Figure 6-1 (Sheet 4). 

■ Figure 6-6. SAFE ESCAPE2..75 FFAR (MK-151 , MK-40), TRN (LT) (Sheet 17 of 18) 
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T.O. 1A-1OA-34-1-1 


2.75 IN. WAFAR W/MK-151 WARHEAD AND MK-66 MOTOR 

DIVE RELEASE 

, 1 » * 

4.0G Turning Maneuver (Level Turn) 

RELEASE 

SAFE ESCAPE 



TDA - SEA LEVEL 

TDA - 5000 FEE 1 

DIVE 

TAS 

ALT LOSS 

TIME 

MINIMUM 

ALT LOSS 

TIME 

MINIMUM 

ANGLE 


DURING 

OF 

RELEASE 

DURING 

OF 

1 RELEASE ] 



PULLOUT 

FALL 

ALTITUDE 

PULLOUT 

FALL 

ALTITUDE 

DEG 

KNOTS 

FEET 

SECONDS 

1 FEET 

FEET 

SECONDS 

FEET 

0 

300 


i .36 

60 


1.41 

60 


350 


1-47 

70 


1.50 

70 


400 


L51 

70 


1.54 

70 

5 

300 

70 ! 

1.51 

320 

70 

1.55 

330 


350 

SO . 

1.60 

360 


1.66 

380 


400 

100 

1.71 

400 

100 

1.77 

420 

10 

300 

1 160 

1.49 

560 

160 

1.55 

590 


350 

200 

1.53 

630 

200 

1.63 

660 



240 

1.70 

710 

240 

1.76 

1 750 

15 

300 

280 

1.41 

740 

280 

1.47 

7890 


350 

340 

1.50 

840 

340 

1.57 

900 


400 

410 

1.58 

930 

410 

1 L65 

990 

20 

300 

410 

L36 

910 

410 

1.41 

960 


350 

510 

1.42 

1010 

510 

1.47 

1070 1 


400 

620 | 

1.51 

1130 

620 

1.55 

1190 | 


1 Refer to Figure 6—1 (Sheet 4). 

Figure 6-6. SAFE ESCAPE, 2 .75 WAFA JR (MK-15J, MK-66), TRN (LT) (Sheet 18 of 18) 
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CHAPTER 4 

Weapon Descriptions 


4.1 GENERAL 

This chapter contains descriptions and release In- 
formation for conventional ordnance authorized for 
carriage and release from the OVdQ. The weapons' 
descriptions consist of illustrations depicting the ap¬ 
pearance of the weapon, the physical characteristics, a 
written description, and a pre flight checklist. 

Cliapter 5 contains descriptions for conventional 
ordnance of interest to the OV-1Q crew, but not au¬ 
thorized for carriage or release from the QV-IO. 

For ordnance effectiveness against various targets, 
refer to Joint Munitions Effectiveness Manuals 
(JMEMs}. 

4.2 ROCKETS 

4,2,1 Introduction. The 2,75-inch and 5.00-inch 
aircraft rockets, with the selection of warheads avail¬ 
able, provide an effective attack capability against a 
variety of targets, JMEMs provide die applicable data 
for selecting the rocket/ warhead/fuze to best satisfy 
operat ional requ i rements. 

An aircraft rocket system consists of a multitude 
jettisonable launcher loaded with assembled rockets 
mated to the aircraft station and armament circuitry. 

Conventional aircraft rockets have an unguided 
boost phase and a ballistic flight pltase. The motor 
provides a high impulse over a short period of time 
and consists of a high strength tube closed at the for¬ 
ward end, a propellant grain, an igniter assembly, and 
a fin and nozzle assembly. Folding or wrap-around 
fins allow multiple rockets (4 to 19), dependent on 
launcher used, to be carried on each authorized sta¬ 
tion. The launcher tube locking detent prevents 
forward motion of the rocket until a predetermined 
force level of the initiated motor is achieved. Depar¬ 
ture of the first rocket removes the forward launcher 
frangible fairing if installed. 


4,2.2 Rocket Warheads. The following is a sum¬ 
mary of the operational characteristics of warheads used 
on 2.75- and 5.00-inch rockets. For a more detailed 
description, refer to NAVAIR 11 -85-5, 

Rocket warheads are classified according lo tactical 
requirements and functions as follows: 

1. HE-FRAG (litgh-explosive fragmentation) 

2. HEAT (high-explosive antitank) 

3. AT/APHRS (antitank/antipersonnel) 

4. GP (higl 1 -explosive general purpose) 

5. FLECHETTE 

6. SMOKE 

(a) WP — white phosphorous 

(b) PW P — plasti cized whjte piio*plicrous 

(c) HP — red phosphorous 

7. FLARE 

8. CHAFF 

9. PRACTICE (inert). 

4.2.3 Rocket Warheads (2.75 inch). The fol¬ 
lowing paragraphs describe I lie characteristics of war¬ 
heads used on 2.75-inch rockets. Refer to Figure 4-1 for 
warl lead/fuze coiiibiiiatioi is. 

4.2,3.1 Mk 1 (HE-FRAG) This warhead is used 
against personnel and soft targets such as parked air- 
craft, personnel carriers, radar emplacements, trucks, 
small craft, etc. The warhead contains approximately 
1,4 pounds of HBX-l or Composition B-4 explosive. 
Construction is of soft steel and total weight is approx¬ 
imately 6.5 pounds. 
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Authorized Warhead/Fuze Combinations for use with Mk 4 Mods Motors 




Overall 

Nominal 

TYPE 

WARHEAD 

FUZE 

Rocket 

Rocket 



Length 

Weight 




(inches) 

(pounds) 

HE-FRAG 

Mk 1 

M427 

48.87 

19.79 



Mk 176 

47.85 

19.92 



Mk 178 

47.85 

19.92 



Mk 352 

48.87 

19.59 



FMU-90/B 

48.87 

19.59 


MI51 

M427 

52.69 

22.10 



Mk 352 

52.69 

22.10 



FMU-90/B 

52.69 

22.10 

FLECHETTE 

WDU-4A/A 

Model 113A 

49.36 

22.00 

HEAT 

Mk 5 

Mk 181 

47.93 

20.12 

SMOKE 

Mk 67 Mod 0 (WP) 

M427 

52.69 

17.82 



Mk 352 

52.69 

17.62 



FMU-90/B 

52.69 

17.62 


Mk 67 Mod I (RP) 

M427 

55.83 

22.19 



Mk 352 

55.83 

21.99 


Mk 156 (WP) 

M427 

53.43 

22.27 



Mk 352 

53.43 

22.07 



FMU-90/B 

53.43 

22.07 

PRACTICE 

Mk 1 (inert) 

Mk 178 (inert) 

47.85 

19.17 


Mk 5 (inert) 

Mk 181 (inert) 

47.94 

19.30 


Mk 61 


47.84 

19.17 


M151 (inert) 

M435 (inert) 

52.87 

22.10 


M2 30 

M435 (inert) 

49.76 

21.40 


WTU-I/B 


52.87 

22.10 


WTIH4/B 


51.98 

22.83 


Figure 4* 1. Authorized 2.75-Inch Aircraft Rocket Warhead/Fuze Combinations (Sheet 1 of 4) 
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I 


Authorized Warhead/Fuze Combinations for use with Mk 40 Mods Motors 

Overall Nominal 
Rocket Rocket 

type warhead fuze L( . ngth Wcight 

(inches) (pounds) 


TYPE 

WARHEAD 

FUZE 

HE-FRAG 

Mk 1 

M423 

M427 

Mk 176 

Mk 178 

Mk 352 
FMU-90/B 


M151 

M423 

M427 

M429 

Mk 352 
FMU-90/B 


M229 

M423 

M427 

M429 

Mk 352 
FMU-90/B 

FLECHETTE 

WDU-4A/A 

Model 113 A 

HEAT 

Mk 5 

Mk 181 

SMOKE 

Mk 67 Mod 0 (WP) 

M423 

M427 

Mk 352 
FMU-90/B 


Mk 67 Mod 1 (RP) 

M423 


48.87 

48.87 

47.85 

47.85 

48.87 

48.87 

52.69 

52.69 

56.51 

52.69 

52.69 

65.37 

65.37 

66.64 

65.37 

65.37 


49.36 

47.93 

52.69 

52.69 

52.69 

52.69 

55.83 


19.79 

19.79 

19.92 

19.92 

19.59 

19.59 

22.10 

22.10 

22.10 

22.10 

22.10 

29.42 

29.42 

29.74 

29.22 

29.22 


22.00 

20.12 

17.82 

17.82 

17.62 

17.62 

22.19 


Figure 4-1. Authorized 2.75-Inch Aircraft Rocket Warhead/Fuze Combinations (Sheet 2 of 4) 
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Authorized Warhead/Fuze Combinations for use with Mk 40 Mods Motors 
_ (Continued) 


TYPE 


SMOKE 


PRACTICE 


WARHEAD 

FUZE 

Overall 

Rocket 

Length 

(inches) 

, Nominal 
Rocket 
Weight 
(pounds) 

Ml56 (WP) 

M423 

53.43 

22.27 


M427 

53.43 

22.27 


Mk 352 

53.43 

22.07 


FMU-90/B 

53.43 

22.07 

Mk 1 (inert) 

Mk 178 (inert) 

47.85 

19.17 

Mk 5 (inert) 

Mk 181 (inert) 

47.94 

19.30 

Mk 61 


47.84 

19.17 

M151 (inert) 

M435 (inert) 

52.87 

22.10 

M230 

M435 (inert) 

49.76 

21.40 

M229 (inert) 

M435 (inert) 

65.37 

28.80 

WTU-l/B 


52.87 

22.10 

WTU-14/B 


51.98 

22.83 


Figure 4- ]. Authorized 2.75-Ineh Aircraft Rocket Warhead/Fuze Combinations (Sheet 3 of 4) 
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Authorized Warhead/Fuze Combinations for use with Mk 66 Mod 2 Motors 




Overall 

Nominal 

TYPE 

WARHEAD 

FUZE 

Rocket 

Length 

Rocket 

Weight 




(inches) 

(pounds) 

HE-FRAG 

MI51 

M423 

54.39 

22.95 



M427 

54.39 

22.95 



Mk 352 

54.39 

22.95 

FLECHETTE 

WDU-4A/A 

Model 113A 

59.75 

22.95 

SMOKE 

Mk 67 Mod 0 (WP) 

M423 

55.13 

18.75 



M427 

55.13 

18.75 



Mk 352 

55,13 

18.75 


Mk 67 Mod ! (RP) 

M427 

57.79 

22.52 



Mk 352 

57.79 

22.52 


Ml56 (WP) 

M423 

55.13 

23.25 



M427 

55.13 

23.25 



Mk 352 

55.13 

23.25 

PRACTICE 

WTU-I/B 


55.13 

22.95 

FLARE 

M257 

M442 

73.25 

24.45 


Figure 4-1 . Authorized 2.75-Inch Aircraft Rocket Warhead/Fuze Combinations (Sheet 4 of 4) 


4-5 


ORIGINAL 




NWP 55-6-OVIOA/D, Vol. I (Rev. E) 


4.2.3.2 Ml51 (HE-FRAG). Tactical application of 
die warhead is the same as the Mk 1. The warhead 
contains approximately 2,3 pounds of Composition B-4 
explosive. Construction is of soft steel or cast iron and 
total weight is approximately 9,4 pounds. 

4.2.3.3 M229 (HE-FRAG). This warhead is an 
elongated version ot the M151 warhead. It has the same 
tactical application and is designed ONLY for use with 
slow speed aircraft and the Mk 40 rocket motor. The 
warhead contains approximately 4.8 pounds of Com¬ 
position B-4 explosive. Total weight is approximately 
16.9 pounds. 

4.2.3.4 Mk 5 (HEAT) This warhead is used against 
armored targets such as tanks, bunkers, armored 
vehicles, etc. The warhead contains a shaped-charge that 
produces a high energy jet diat penetrates armor. It 
contains approximately 0.9 pounds of Composition B 
explosive. Construction is of steel and total weight is 
approximately 6,6 pounds. 

4.2.3.5 WDU-4A/A (FLECHETTE). This warhead is 
used against personnel and lightly armored targets. It 
contains 2,200 small arrow-shaped projectiles 
(flechettes), that are expelled near motor burnout. Target 
damage is caused by the high impact velocity of the 
flechettes. The warhead casing is constructed of light 
metal with a plastic nose section. The Model 113A fuze 
is permanently installed and initiates the expulsion 
charge after motor burnout. Total weight is 
approximately 9.3 pounds. 

4.2.3.5 Mk 67 (SMOKE) Fliis warhead is used to 
provide smoke for target marking and isavailable in two 
Mods, 0 and 1. The Mod 0 filler is white phosphorous 
< WP) that requires special handling. The Mod 1 contains 
red phosphorous tiiat has improved cookoff 
characteristics and does not require special handling. 
The warhead casing is constructed of aluminum alloy. 
An explosive burster charge of Composition Bdisperses 
the 2.6 pounds of while/red phosphorous. Total weight 
is approximately 5.2 pounds. 

4.2.3.7 Ml 56 (SMOKE) This warhead is identical in 
function to the Mk 67 but uses a soft steel casing. An 
explosive burster charge of Composition B-4 disperses 
the 2.0 pounds of white phosphorous (WP). Total weight 
is approximately 9.7 pounds, 

4.2.3.8 M257 (FLARE). The M257 flare warhead is 
used to provide delivery aircraft with a standoff capabil¬ 
ity for battlefield illumination. This enables the delivery 
aircraft to attack the target area using the illumination 
the flare provides, The permanently installed base fuze 


(M442 ) functions near motor burnout and provides for 
a 9,0-second delay prior to drogue chute deployment 
and subsequent main chute deployment and flare igni¬ 
tion, Total elapsed time from motor ignition to flare 
illumination is approximately 13.5 seconds. The 
warhead produces 1,000,000 candlepower for a 
minimum of lOOsecondsand illuminates approximately 
one square mile of area. Average descent of the deployed 
flare is 13 feet/second. The warhead is launched to attain 
a flare ignition altitude of 1,800 feet at a range ot 3,000 
meters with tlte Mk 40 motor and 3,500 meters with the 
Mk 66 motor. Total weight of the warhead is 10.7 
pounds. 

4.2.4 Practice Warheads (2.75 Inch). Practice 
warlieads (Figure 4-2) are either dummy configurations 
or inert-loaded service warheads in which the weight 
and placement of an inert filler gives the practice 
warhead and the explosive-loaded service warhead the 
same ballistic characteristics and MUST BE 
DELIVERED within the same parameters as service 
warlieads. 


Practice 

Service 

Mk 1, Mk 61, 
WTU44/B 

Mk 1 

Mk 5 

Mk 5 

Ml51, M230, 

WTU-l/B 

M151 

M229 

M229 


Figure 4-2. Practice Warheads Used to 
Simulate Service Warheads 


WARNING 


In some cases, the same Mk and Mod 
numbers have been assigned to both service 
and practice warheads. Personnel should 
verify tiiat warhead markings are correct 
and that practice and service warheads are 
NOT interchanged. 
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4.2.5 Rocket Warheads (5.00 Inch). The fol¬ 
lowing paragraphs describe the characteristics o 
warheads used on 5.00-inch rockets. Refer to Figure 4-3 
Ibr warhead/fuze combinations. 


4.2.5.1 Mk 24 (GP) This high-explosive general 
purpose warhead can be used against a variety of targets 
including concrete buildings or bunkers, surface ves¬ 
sels, etc. Tactical use is dependent on fuzing configura¬ 
tion. The Mod 0 lias a permanently installed base fuze. 
Mods 1/2 do not liave a base fuze. It contains 
approximately 9.5 pounds of Composition B explosive. 
Total weight is approximately 45.0 pounds. 


4 2.5.2 Mk 32 (AT/APERS). This warhead is etfec 
live against heavy or light armored targets. Against 
heavily armored targets, a point detonating fuze is use 
to initiate the shaped charge. For light targets a proxim¬ 
ity fuze is used. It contains approximately 15,0 pounds 
of Composition B explosive. Total weight is 
approximately 43.5 pounds. 

4 2.5.3 Mk 33 (FLARE). This warhead is designed 
for illuminating surface areas at a distance ahead of the 
delivery aircraft so that die launching aircraft tnay avail 
itself of the parachute suspended Hare in attacking the 
target. The permanently installed mechanical time fuze 
{i e Mk 93 Mod 0) functions approximately 15 seconds 
after launch and initiates die expulsion and ignition ot 
the flare from die warhead casing. Flare Furntmieis 
approximately 90 seconds. Illumination is 1 OOO.UOU 
candlepower with a descent rate of 18.5 feet/second. 
Total weight is approximately 46.0 pounds. 

4.2.5.4 Mk 34 (SMOKE). This warhead is designed 
for target marking or incendiary use when a Mk 93 
proximity fuze is installed. This warhead is available in 
iwo Mods. 0 and 2. Hie Mod 0 filler is plasticized white 
Phosphorous (PWP) which requires special handling 
and provides a smoke screen duration of approximately 
4 to 5 minutes. The Mod 2 contains red phosphorous 
(RP) that has improved cookoff characteristics and does 
not require special handling. The Mod 2 smoke cloud 
size is the same as the Mod 0, however, duration is only 
2 minutes. Both warheads contain approximately 19.3 
pounds of phosphorous with a total weight of 
approximately 51.0 pounds. 

4.2.S.5 Mk 63 (HE-FRAG). This warhead is 
designed to produce large quantities of fragments in an 
effective air burst pattern. The warhead is proximity 
fuzed to take advantage of the designed uniform frag¬ 
ment distribution. Some Mods also contain zirconium 
cubes or rings to give the warhead an incendiary effect 
in addition to its fragmentation capability. It contains 


approximately 15.0 pounds of Composition B explos¬ 
ive. Total weight is approximately 56.5 pounds. 


4.2.S.6 Mk 84 Mod 4 (CHAFF)/RR-182/AL 
CHAFF Countermeasures Head. Tins warhead 
provides a standoff method of draff employment along a 
selected flight corridor in advance of strike aircraft. I lie 
warhead consists of a pem.ane.itly installed mechan.«d 
time fuze (PMU-136/B), a main burster cliarge, and 1- 
macrocassettes filled wiih multi frequency chaff dipoles 
The fuze is preflight selectable (3 to 80 seconds) and 
functions at completion of the required motor accelerat ion. 
The macrocassettes are expelled by the main burster 
charge, and after a short delay, each casaUte bursts exfxdh 
ing the chaff dipoles. Refer to VX-5 Expendables OTGfo 
duff dispersal cloud data and radar cross section (RC S) 
effectivity. Total weight is approximately 47.0 pounds. 

4.2.6 Practice Warheads (5.00 Inch). Practice 
warheads (Figure 4-4) are either dummy configurations 
or inert-loaded service warheads in which the weigh 
and placement of an inert filler give the pract ice warhead 

and the explosive-loaded IVFRFD 

ballistic characteristics and MUST BE DELIVERED 

___ nirtrTurinC 


WARNING 


In some cases, the same Mk and Mod 
numbers have been assigned to both service 
and practice warheads. Personnel should 
verify that warhead markings are correct 
and that practice and service warheads are 
not interchanged. 


4 2 7 Rocket Motors. All airborne rocket motets 
(Figures 4-5 and 4-6) include the following components, 
an igniter, propellant grain with a stabiiizirig^r^, nozzle 
tin assembly, and firing contact disc/ba^^mo^oMs 
ianted by 28-vdc aircraft power distributed by 
launcher intervalometer to each tube firing «mtacb Gas 
ttressure result.ng from the burning Igniter eliarge ruptures 
L igniter case ^d ignites the propellant gram. Propellant 
oases mpture the nozzle seal/seals and exert tonvard pre¬ 
ssure (resulting in motor movement) which overconies 

launclier tube locking detent. The salt-coated stabilizing 
rod, located in die center of die propellant M 
unstable burning of die grain and reduces flash and 
afterburning which contribute■ 

flame out of jet engines. The folding fins (FFAR) on da 
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Authorized \\ 

'arhead/Fuze Combinations for use with Mk 71 Mod 0 Motor* 

TYPE 

WARHEAD 

FUZE 

Overall 

Rocket 

Length 

(inches) 

Nominal 
Rocket 
Weight 
(pounds) | 

HE-FRAG 

Mk 63 Mod 0 

Mk 93 Mod 0 / M4I4AI 

102.79 

125.65 



! Mk 352 with BBU-15/B 

102.79 

125.65 



FMU-90/B with BBU-I5/1 

3 102.79 

125.65 

HE-GP 

Mk 24 ModO, 1.2 

Mk 93 Mod 0/ M414A1 

87.78 

112.55 



Mk 188 ModO 

87.78 

112.55 



Mk 191 ModO 

87.78 

112.55 



Mk 352 Mod 2 

87.78 

112.55 



with BBU-15/B 





FMU-90/B with BBU-I5/B 

87.78 

112.55 

AT/APERS 

Mk 32 Mod 0 

Mk 93 Mod 0 / M414A1 

99.01 

111.48 



Mk 188 Mod 0 

99.01 

111.48 



Mk 352 Mod 2 

99.01 

111.48 



with BBU-15/B 





FMU-90/B with BBU-15/B 

99.01 

111.48 

SMOKE 

Mk 34 Mod 0 (WP) 

Mk 93 with special adapter 

108.0 

114.71 



Mk 188 ModO 

108.0 

114.71 



Mk 352 Mod 2 

108.0 

114.71 



with BBU-I5/B 



[ 


FMU-90/B with BBU-15/B 

108.0 

114.71 


Mk 34 Mod 2 (RP) 

Mk 93 Mod 0 

100.99 

121.55 



Mk 188 ModO 

100.99 

121.55 



Mk 352 Mod 2 

100.99 

121.55 

1 _ 


with BBU-15/B 

| 

| 


Figure 4-3. Authorized 5.0-Inch Aircraft Rocket Warhead/Fuze Combinations (Sheet ] of 4) 
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Authorized Warhead/Fuze Combinations for use with Mk 71 Mod 0 Motors 

(Co n tinued) __ ^_ i _ 

Overall Nominal 
Rocket Rocket 

TYPE WARHEAD FUZE ! Length W eight 

(inches) (pounds) 


CHAFF /COUNTER- Mk 84 Mod 4 / 
MEASURES RR-182/AL 


FMU-136/B 


87.78 112.55 


FLARE 


Mk 33 Mod 1 


Mk 193 ModO 


101.42 


112.75 


PRACTICE 


Mk 6 Mod 7 
Mk 24 Mod 0 
Mk 32 Mod 1 
WTU-H/B 


Nose plug 86.88 115.68 

Nose ptug/ogive 86.16 115.23 

Nose plug 102.589 113.45 

Mk 93 Mod 0 (inert) 111.193 126.00 


Figure 4-3. Authorized 5.0-Inch Aircraft Rocket Warhead/Fuze Combinations (Sheet 2 of 4) 
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Aut h orize d Warhead/Fuze Combinations for use with Mk 71 Mod 1 Motors 


TYPE 


WARHEAD 


HE-FRAG 


HE-GP 


Mk 63 Mod 0 


Mk 24 Mod 0. 1,2 


AT/APERS 


Mk 32 Mod 0 


FUZE 


Mk 93 Mod 0 / M414A1 
Mk 352 with BBU-15/B 
FMU-90/B with BBU-15/B 

Mk 93 Mod 0 / M414A1 
Mk 188 ModO 
Mk 191 ModO 
Mk 352 Mod 2 

with BBU-15/B 
FMU-90/B with BBU-I5/B 

Mk 93 Mod0/M414A1 
Mk 188 ModO 
Mk 352 Mod 2 

with BBU-I5/B 
FMU-90/B with BBU-15/B 


Overall 

Rocket 

Length 

(inches) 

Nominal 

Rocket 

Weight 

(pounds) 

109.49 

138.30 

109.49 

138.30 

109.49 

138.30 

94.48 

125.2 

94.48 

125.2 

94.48 

125.2 

94.48 

125.2 

94.48 

125.2 

105.71 

124.13 

105.71 

124.13 

105.71 

124.13 

105.71 

124.13 


SMOKE 


Mk 34 Mod 0 (WP) 


Mk 93 with special adapter 114.71 
Mk 188 ModO 114.71 

Mk 352 Mod 2 i 114.71 

with BBU-15/B 

FMU-90/B with BBU-15/B 114.71 


121.5 

121.5 

121.5 


Mk 34 Mod 2 (RP) 


Mk 93 Mod 0 
Mk 188 ModO 
Mk 352 Mod 2 

with BBU-15/B 


107.69 

107.69 

107.69 


134.20 

134.20 

134.20 


Figure 4-3. Authorized 5.0-Inch Aircraft Rocket Warhead/Fuze Combinations (Sheet 3 of 4) 
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Authorized Warhead/Fuze Combinations for use with Mk 71 Mod I Motor 


TYPE 


MEASURES 


FLARE 


PRACTICE 


WARHEAD 

FUZE 

Overall 

Rocket 

Length 

(inches) 

Nominal 

Rocket 

Weight 

(pounds) 

Mk 84 Mod 4 / 

FMU-136/B 

94.48 

125.2 

RR-182/AL 




Mk 33 Mod 1 

Mk 193 ModO 

108.12 

125.40 

Mk 6 Mod 7 

Nose plug 

93.58 

128.33 

Mk 24 Mod 0 

Nose plug/ogive 

92.86 

127.88 

Mk 32 Mod 1 

Nose plug 

109.289 

134.20 

WTU-11/B 

Mk 93 Mod 0 (inert) 

117.893 

138.64 


Figure 4-3. Authorized 5.0-Inch Aircraft Rocket Warhead/Fuze Combinations (Sheet 4 of 4) 
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Practice 

Service 

Mk 6 Mod 7, Mk 24 

Mk 24 

Mk 32 

Mk 32 

WTU-ll/B 

Mk 63 


I igure 4-4. Practice Warheads Used to 
Simulate Service Warheads 

Mk 4/40 2.75-inch motors are forced open by propellant 
gases as die motor exits the launcher tube. The wrap¬ 
around (WAFFAR) fins on Hie Mk 66 2.75-inch and Mk 
71 5.00-inch motors are spring actuated to open and seat 
in die nozzle body fin slots as die motor exits the launcher 
tube* 

4.2.7.1 Mk 4 Rocket Motor (2.75 Inch). The Mk 4 

rocket motor produces an average dinist of 710 pounds 
and is used with all configurations of die 2.75-inch FFAR 
for fixed-wing aircraft and SHOULD NOT BE used for 
extremely low-speed launch velocities. Approximate 
motor weight is 114 pounds, 

4.2.7.2 Mk 40 Rocket Motor (2.75 Inch). The Mk 

40 rocket motor is identical to the Mk4 with die exception 
of die nozzles. They are scarfed to provide rotational spin 
andstabiiization when tiredat low initial launch velocities. 

I he Mk 40 was specifically designed for helicopters and 
slow-speed aircraft. Approximate motor weight is 11.4 
pounds. 

4.2.7.3 Mk 66 Mod 2 WAFFAR Rocket Motor 
(2*75 inch), I he Mk 66 Mod 2 WAFFAR motor is 
designed to replace die Mk 4/40 FFAR motors and can be 
carried and launched from both rotary/fixed-wing aircraft. 
Die motor is considered HERO safe and does not require 
die use of an RF barrier on die aft end of the rocket 
launcher. The Mk 66 Mod 2 CAN ONLY BE USED in 
LA U-61 C/Aand LAU-68D/A rocket launchers. The three 
spring-loaded wrap-around fins in conjunction with the 
fluted exliaust nozzle provide controlled spin and 
stabilized flight. The motor produces an average thrust of 
1,360 }>ounds for a duration of I. I seconds. Approximate 
motor weight is 13.4 pounds. 

4.2.7.4 Mk 71 Mod 0 Rocket Motor (5.00 Inch) 

[ tie Mk 71 Mod 0 motor produces an average thrust of 
7,780 pounds for approximately 1.17 seconds. These 
motors have die same propellant grain and motor tubes as 
die obsolete Mk 16 motor. The Mk 7! Mod 0 motor lias 
spring-loaded folding wrap-around fins dut provide con¬ 


trolled spin and improve the ballistic dispersion of dip 
rocket. Approximate motor weight is 66.85 pounds. 

4.2.7.5 Mk 7t Mod 1 Rocket Motor (5.00 Inch) 

The Mk 71 Mod I differs from the Mod 0 by having a 
different propellant grain and is 6 incites longer. It 
produces an average thrust of 8,100 pounds for 
approximately 1.8 seconds. The fin and nozzle assembly 
incorporates spring-loaded wrap-around fins that prov¬ 
ide controlled spin and improve the ballistic dispersion 
of the rocket. Approximate motor weight is 79.5 pounds. 

4.2.8 Rocket Launchers. The rocket launchers 
currently in service are described in the following 
paragraphs. 

4.2.8.1 LAU-61 Series Rocket Launchers. The 

LAU-61 (Figure 4-7) is an all-metal reusable launcher 
widi a capacity of 19 2.75-inch rockets. Die LA U-61 A/A, 
-61B/A can be loaded wtdi Mk 4/40 rocket motors and die* 
LAU-61 C/A widi Mk 4/40/66 motors. The launcher lias a 
preflight selectable fire-mode selector switch (RIP- 
PLE/SINGLE) located on the aft bulkhead. When ripple 
is selected, one aircraft firing pulse fires all rockets with a 
40-millisecond interval between departing rockets. The 
SINGLE position allows only one rocket to be fired for 
each aircraft firing pulse. The 21 -position rotary stepper- 
switch intervalometer, located on the aft bulkhead, is an 
electromechanical unit dial distributes a firing pulse to 
each launcher tube motor contact. Each launcher tube lias 
a niolor detent retainer dial retains die rocket motor until 
ignition. A frangible nose fairing can be installed to reduce 
aerodynamic drag and will depart die launcher when die 
first rocket is fired, the aft fairing is aluminum and is 
designed to remain intact and direct debris away from die 
aircraft. The LAU-61 B/A and LAU-61 C/A have a thermal 
protective coating on die exterior surface and REQUIRE 
the use of diermaJ barriers for all shipboard operations. The 
aft thermal barrier also provides RF protection for the Mk 
4/40rocket motor. Ground safety is provided by a safe-arm 
device (switch with safety pin) dial opens the circuit from 
die launcher receptacle and grounds die intervalometer. 


WARNING 


MIXING of rocket motors is PRO¬ 
HIBITED. 

4.2.8.2 LAU-68 Series Rocket Launcher The 

LAU-68 (Figure 4-8) is an all-metal reusable launcher 
widi a capacity for seven 2.75-inch rockets. The LAU- 
68B/A can be loaded widi Mk 4/40 rocket motors and 
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Figure 4-5. 2.75-Inch FFAR Rocket Motor Mk 4/40/66 
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Characteristics 


Warhead 

MK 71 Mod 0 

MK 24 

MK 32 

MK 33 

MK 34 

MK 63 

MK 84 
MOO 4 
iRR’162. 

Weight (Pounds) 

11 1 9 , , 

- 110.3_ 

* II2.K . ... 

117 8 . . 

123 4_ 

* l14.0 

MK 71 Mod J 

Weight (Pounds) 

124.5_ 

122.9 .... 

- 125.4 . ... 

130.4 . ... 

136.0_ 

. 126.6 



MK 71 MOD 0 MOTOR 



Figure 4-6. 5.00-Inch Zuni Motors Mk 71 Mods 0/01 
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Figure 4-7. Rocket Launchers (2.75-tnch FFAR LAU-61 Senes) 


LAU-6SD/A with Mk 4/40/66 motors. Tlie launcher lias 
a prefliglit selectable Fire-mode selector switch fRIP- 
PLE/SINGLE) located on the aft bulkhead. When RIP¬ 
PLE is selected, one aircraft Firing pulse fires all rockets 
witli a 60-millisecond interval (LAU-68B/A) or 40- 
millisecond interval (LAU-68D/A) between departing 
rockets. The SINGLE position allows only one rocket 
to be Fired for each aircraft firing pulse. The nine-posi¬ 
tion rotary stepper-switch intervalonieler, located on the 
aft bulkhead, is an electromechanical unit tiiat dis¬ 
tributes a Firing pulse to each launcher tube motor con¬ 
tact. Each launcher tube lias a motor detent retainer tiiat 
retains the rocket motor until ignition. A frangible nose 
fairing can be installed to reduce aerodynamic drag and 
will depart the launcher when the First rocket is fired. 
Tlie aft fairing is aluminum and is designed to remain 
intact and direct debris away from the aircraft. Tlie 
LAU-68D/A lias thermal protective coating on tlie ex¬ 
terior surface and REQUIRES tlie use of thermal 
barriers for all shipboard operations. Tlie aft thermal 
barrier also provides RF protection for tlie Mk 4/40 


rocket motor. Ground safety is provided by safe-arm 
device (switch with safety pin) tiiat opens tlie circuit 
from tlie launcher receptacle and grounds the inlervalo- 
meter. 


WARNING 


MIXING of rocket motors is PRO¬ 
HIBITED. 

4.2.8.3 LAU-10 Series Rocket Launcher- The 

LAU-10 (Figure 4-9) is an all-metal reusable rocket 
launcher with a capacity for four 5.00-inch rockets. 
The launcher has a preflighl selectable fire-mode 
selector switch (RIPPLE/SINGLE) located on tlie alt 
bulkhead. When RIPPLE is selected, one aircraft firing 
pulse fires all rockets with a 95-millisecond interval 
between departing rockets. The firing pulse must exceed 
a 0.5-second duration to ensure a complete fire out when 
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Figure 4-8. Rocket Launchers (2.75-Inch FFAR LAU-68 Series) 


RIPPLE is selected. Hte SINGLE position allows only 
one rocket to be fired for each aircraft firing pulse. The 
internal non-selectable rotary stepper-switch intervalo- 
meter is an electromechanical unit that distributes a 
firing pulse to each launcher tube motor contact. Each 
launcher tube lias a motor detent tliat retains the rocket 
motor until ignition. Frangible fairings can be installed 
to reduce aerodynamic drag and will depart the launcher 
when tlie first rocket is tired. Thermal coated fairings 
are required for all shipboard operations. The FALL 
10D/A has a thermal protective coating on the exterior 
surface and REQUIRES the installation of a thermal 
shield over the aft end of the launcher for all shipboard 
operations. The thermal shield and fairing provide in¬ 
creased cookoff time in the event of a fire. Ground safety 
is provided by a safe-arm device (switch with safety pin) 
that opens the circuit from the launcher receptacle and 
grounds the intervalomeler. 

4.2.9 Limitations. Refer to Appendix A, External 
Stores Limitations Table for carriage and firing/jettison 
restrictions. 


4.2.10 Preflight Checks. Refer to NWP 55-6- 
OV10A/D PG (NAVAIR OL60GCB-1T(B>) Tactical 
Manual Pocket Guide for current preflight checks. 

4.2.11 Firing Procedures 

1. Sight reticle brightness knob — AS REQUIRED 

2. FIL SEL switch — NO. 1 or NO. 2 

3. Sight depression — AS REQUIRED 

4. Appropriate WPN/STATION MODE SELECT 
switch — FIRE 

5. MASTER ARM switch — ON 

6. To fire — DEPRESS BOMB BUTTON 

7. To drop empty pods — STATION MODE 
SELECT switches to DROP, and DEPRESS 
BOMB BUTTON 
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4.27 ROCKET FUZING 

4.27,1 General, Rocket fuzes are divided into three 
categories based on mode of functioning: 

l. Impact 

2* Time 

3. Proximity. 

Impact firing fuzes are referred to as point defonat- 
mg (PD) or base detonating (BD) according to their 
location in the warhead. The Mk 191 fuze, that is per¬ 
manently installed in the Mk 24 Mod 0 (GP) warhead 
is the only current base detonating fuze in use, 

l ime fuzes detonate/initiate the warhead at a preset 
time after rocket launch and motor burnout The three 
time fuzes currently in use are the Mk 193, M442, and 
FMU-I36/R that are installed in the Mk 33 Mod 1, 
M257, and Mk 84 Mod 4 (RR-184 A/L) warheads, 

Proximity fuzes radiate an RF frequency at right 
angles to the warhead axis and upon receipt of a 
reflected RF energy (target reflection) initiate warhead 
detonation sequence. The insensitivity of the fuze al¬ 
lows ripple firing (salvo) of the rockets and precludes 
using die fuze for air-to-air missions. Water content of 
the target increases the magnitude of the target 
reflected signal, which results in a higher initiation 
height leading to warhead detonation. The fuze senses 
foliage and will initiate warhead detonation above die 
foliage with the burst height dependent on growth 
density and its moisture content. 

4.27,2 Arming. Two lypes of arming mechanisms 
are used. One mechanism uses a combination of rocket 
motor acceleration integration/time for arming. This 
mechanism provides a safe separation distance between 
the delivery aircraft and rocket warhead by delaying the 
completion of the arming cycle for a specific period of 
time if the rocket motor maintains a minimum accelera¬ 
tion level Approximately 20g's to 30g*s of sustained 
acceleration for about t second are required for arming. 
Variation of arming distances should be anticipated 
because of manufacturing tolerance and temperature 
effects on the fuze mechanism. 

The second type of mechanism employs accelera¬ 
tion/time integration to enable with actual arming 
occurring at motor burnout. Distance is determined by 
an acceleration time integration mechanism in the 
fuze, and time is determined by motor btinioul/clock 
mechanism, 


4.27.3 Safety, Rocket fuzes contain internal 
safety/arming devices to prevent arming for any condi¬ 
tion other than die completion of a clean rocket launch* 
Delivery (launching) of airborne rockets within die 
appropriate release envelopes given for this aircraft 
should preclude possible damage to the aircrafi. 

Note 

• As some fuzes lia ve shorter arming di stan - 
centimes, only those motor/warhead fuze 
combinations listed in llie Warhead/Fuze 
Combination Charts (Figures 4-1 and 4-3) 
in the rocket descriptions are autl tori zed 
for carriage/retease. 

• MIXING of VT and PD fuzes m the same 
5,00-inch launcher is authorized if 
warheads are of file same type. 

4.27.4 Rocket Fuzes, The following paragraph s 
provide a brief description of all currently authorized 
rocket fuzes (Figure 4-35). Refer to NAVAIR 11-1F-2 
for detailed functioning information. 

4.27.5 Mk 181 Impact (PD). The Mk 181 

nosefuze was designed to be used only with I he Mk 5 
2.75-inch HEAT warhead. It will function against mild 
steelplate of 0.125-inch minimum thickness at impact 
angles between 0° to 60° perpendicular to the plate. The 
fuze has instantaneous impact functioning and requires 
a sustained acceleration of 20g s in order to arm. Air 
travel to arm is approximately 330 to 660 feet. 

4.27*6 Mk 352 Impact (PD), The Mk 352 

nosefuze was designed to be used in either 2,75- 
inch/S.OQ-inch rocket warheads. It requires an ad¬ 
apter booster BBU-I5/B for installation in 
5.00-inch warheads. The fuze is sensitive to low 
angle impacts on all targets including water, and 
will function when it impacts 0.03 6-inch thick al¬ 
uminum sheet at approach angles as small as 3° to 
5°. The fuze has instantaneous impact functioning 
and requires a sustained acceleration of 20g*s 
minimum in order to arm. Air travel to arm is 
approximately 800 lo 1,200 feet and time to arm is 
3.07 to 1.36 seconds at 4Gg's* 

4.27.7 FMU-90/B Impact (PD). The FMU-90/R 
nose fuze is identical in all respects to the Mk 352 fuze 
with the exception of a 0,05-second impact functioning 
delay time It can also be used in most configurations as 

die Mk 352, 
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NOTE: FMU-I36/B TIME FUZE INSTALLED IN MK 84 MOD 4 (RR-182A/L) CHAFF HEAD 


SAFEY PIN 


NOSE CAP 


SAFE 

CAUTION: DO NOT ROTATE NOSE CAP IN CLOCKWISE DIRECTION 


TYPICAL SETTING 


TAPE 


Figure 4-35. Airborne Rocket Fuzes (Sheet 2 of 2) 


4.27.8 M423 Impact (PD), The M423 nose fuze is 
used ONLY with Mk 40/66 2.75-inch rocket motors on 
slow speed aircraft/helicopters. The fuze is sensitive to 
low angle impacts as low as 5° and will function on 
water targets. The fuze has instantaneous impact func¬ 
tioning and requires a sustained acceleration of 20g’s in 
order to ami. Air travel to arm is approximately 140 to 
300 feet and time to arm is 0.63 to 0.S2 second at 27g's. 


WARNING 


Because of the short aiming time, M423 
nose fuzes must not be used in rockets fired 
from high speed aircraft. 

4.27.9 M427 Impact (PD). The M427 nose fuze is 
identical to the M423 fuze with exception of a longer 
arming distance of S00 to 1,250 feet that requires a time 
to arrn of 1.09 to 1.34 seconds at 4Gg’s. It was designed 
for use with high speed aircraft; however, it may be used 
on slow speed aircraft by using a greater target standoff 
distance, 

4.27.10 Mk 188 Mod 0 Impact (PD), TheMk 
188 Mod 0 nose fuze was designed to be used with 
5,00-inch warheads against ground/water targets. The 


fuze will function reliably at low angle impacts. The 
fuze has instantaneous Impact functioning and requires 
a sustained acceleration of 20g*s in order to arm, Air 
travel to arm is approximately 400 to 800 feet and time 
to arm is 0.7 to 0.9 second. 

4.27.11 Mk 191 Impact (BD). The Mk 191 base 
fuze is permanently installed in the 5,00 inch Mk 24 
Mod 0 GP warhead. The fuze lias a .002- to ,007-second 
functioning delay after impact and does not function 
reliably on impact with water. The fuze was designed 
for hard target penetration and must be used in combi¬ 
nation with a hardened steel noseplug installed in the 
nose fuze cavity when used for that purpose. This fuze 
requires a sustained acceleration of 30g*s in order to 
arm. Air travel to arm is approximately 400 to 800 feet 
and lime to ami is approximately 0,8 to 1.0 second at 
50g’s. 

4.27.12 Mk 193 Time. The Mk 193 time fuze is 
permanently installed in the 5.00-inch Mk 33 Mod 1 
Hare warhead. The fuze provides a preset fixed time 
interval that commences at launch. The flare candle will 
be ignited 13 to 17 seconds after launch. This fuze 
requires a sustained acceleration of 30g's in order to 
enable and arms at motor burnout. Air travel to arm is 
approximately l,000 feet and time to arm is approxi¬ 
mately 1,0 second. 
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4*27,13 M442 Time* The M442 time fuze Is per* 
maneiilly installed in theM257 2*75-inch flare warhead. 
The fuze provides a preset fixed time interval that com¬ 
mences at rocket launch. The flare candle will ignite 
approximately 13.5 seconds after launch* The fuze 
requires a sustained acceleration of 16g's in order to 
enable and arms at motor burnout. Air travel to arm is 
approximately 1*800 feet (Mk 40 motor) or 2,137 feet 
(Mk 66 motor) and lime to arm is approximately 1*0 
second. 

4*27,14 FMU-136/B Time Fuze. TheFMU-136/B 
time fuze is permanently installed in the Mk 84 Mod 4 
5,00-tnch CHAFF warhead. The fuze provides a pref- 
hght selectable functioning time (3 to 80 seconds) in 
0.5-second increments that commences approximately 
0*2 second after launch* The fuze requires a sustained 
acceleration of 3Gg's to arm. Air travel to arm is 
approximately 400 to 600 feet and time to arm is 0.65 
to 0,85 second at 60g s* 

4.27.15 Model 113A. The Model! 13A base fuze is 
permanently installed in the WDU-4A/A flechette 
warhead. Fuze functioning at motor burnout provides 
flechette expulsion* The fuze requires a sustained 
acceleration of 25g s in order to ami and fires when 
deceleration reaches approximately 1 Ig s* Air travel to 
arm is approximately 550 to 1,400 feet with flechette 
expulsion occurring approximately 1,6 seconds after 
motor Firing* 

4.27.16 M429 Proximity, The M429 proximity 
nose fuze was designed to be used only with the 2.75- 
inch M229 HE-FRAG warhead/M k 40 rocket motor 
combination on slow speed aircraft/helicopters operat¬ 
ing against ground targets at low approach angles. The 
fuze lias two nKxiesof operation: airburst (primary) and 
impact (secondary) backup in the event of proximity 
failure* Target approach angles between 5° to 15° will 
provide a burst height between 2 to 12 feet (7-feet 


nominal over average ground). The fuze requires a 
sustained acceleration of 30g*s in order to ann* Air tra% p el 
to ann is approximately 500 to 1,100 feel and time to 
amt is 1,04 to 1,34 seconds at 27g"s, 

4.27*17 Mk 93 Mod 0/M414A1 Proximity. The 

Mk 93 Mod G/M414 A I nose fuzes were designed to be 
used with 5,00-inch warheads against ground targets at 
low approach angles* This fuze, coupled with the Mk 32 
AT/APERS warhead, is highly effective for flak 
suppression and antipersonnel missions. The fuze has 
two modes of operation; airburst (primary) and impact 
(secondary) backup in the event of proximity failure* 
The only difference between the two fuzes is die burst 
height range* The Mk 93 Mod 0 fuze provides a higher 
burst height (35 to 60 feet) that is required for the Mk 
63 HE-FRAG warhead. The M414A1 provides a burst 
height of 15 to 40 feet* Burst height ranges for both fuzes 
are based on average ground and at target approach 
angles of 20° to 40°* This fuze requires a sustained 
acceleration of 30g s in order to enable and arms a! 
motor burnout. Air travel to arm is approximately I *000 
feet and time to ami is approximately 1.0 second. 

4*27.18 BBU-15/B Adapter Booster, The BBU- 
15/0 adapter booster was designed to allow the installa¬ 
tion of die Mk 352/FMU-90/B 2.75-inch impact nose 
fuzes in Mk 24/32/34/63 5.00-inch warheads. 

4.27,19 Preflight Checks, With the exception of 
the FMU-136/B time fuze (Mk 84 Mod 4 CHAFF 
warhead/ RR-182/AL CHAFF countermeasures head), 
there are no preflight checks to be performed on rocket 
fuzes. 

L (FMLM36/B) functioning time — SET AS 

DESIRED, 
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Drag Indexes and Weights — 

Individual Stores 

DATA BASIS FLIGHT TEST NOTE: WEIGHT AND DRAG INDEXES DO NOT 

INCLUDE SUSPENSION EQUIPMENT. 
REFER TO SHEET 2. 


STORE 

STATION 

RACK 

WEIGHT 

LB 

(EACH STORE) 

DRAG 

INDEX 

(EACH STORE) 

LAU-3/A, B/A, C/A, D/A ROCKET 
LAUNCHER WITH: 





(19) Ml 51 

3,4,6, OR 7 

PYLON/TER 

496 

14/20 

(19) Ml 56 

3,4,6, OR 7 

PYLON/TER 

496 

14/20 

(19) MK 1 

3,4,6, OR 7 

PYLON/TER 

418 

14/20 

(19) MK 5 

3,4,6, OR 7 

PYLON/TER 

418 

14/20 

FIRED OUT (NO FWD FAIRING) 

3,4,6, OR 7 

PYLON/TER 

76 

26/39 

EMPTY WITH FWD FAIRING 

3,4,6, OR 7 

PYLON/TER 

78 

14/20 

LAU-68A/A, B/A ROCKET 

LAUNCHER WITH: 





(7) Ml 51 

3 OR 7 

TER 

215 

9 

(7) Ml 56 

3 OR 7 

TER 

215 

9 

(7) MK 1 

3 OR 7 

TER 

194 

9 

(7) MK 5 

3 OR 7 

TER 

194 

9 

FIRED OUT (NO FWD FAIRING) 

3 OR 7 

TER 

67 

17 

EMPTY WITH FWD FAIRING 

3 OR 7 

TER 

68 

9 

LAU-131/A ROCKET LAUNCHER- 
WITH: 





(7) Ml 51 

3 OR 7 

TER 

223 

9 

(7) Ml 56 

3 OR 7 

TER 

223 

9 

(7) MK 1 

3 OR 7 

TER 

195 

9 

(7) MK 5 

3 OR 7 

TER 

195 

9 

FIRED OUT (NO FWD FAIRING) 

3 OR 7 

TER 

68 

18 

EMPTY WITH FWD FAIRING 

3 OR 7 

TER 

69 

9 

LAU-5003/A ROCKET LAUNCHER- 
WITH: 





(19) CM-151 (CRV7) 

3 OR 7 

TER 

530 

20 

(19) RA-79 (CRV7) 

3 OR 7 

TER 

658 

20 

FIRED OUT (NO FWD FAIRING) 

3 OR 7 

TER 

76 

39 

EMPTY WITH FWD FAIRING 

3 OR 7 

TER 

78 

20 


Figure Al-1. (Sheet 5) 
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